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KANAMYCIN COMPOUND,
KANAMYCIN-PRODUCING STREPTOMYCES
SPECIES BACTERIUM, AND METHOD OF
PRODUCING KANAMYCIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. national stage application filed
under 35 U.S.C. §371 of International Patent Application
PCT/KR2010/007041, accorded an international filing date
of Oct. 14, 2010; which application claims priority to Korea
Patent Application No. 10-2010-0037709 filed Apr. 23,2010
and Korea Patent Application No. 10-2010-0082418 filed
Aug. 25, 2010; which applications are incorporated herein by
reference in their entirety.

STATEMENT REGARDING SEQUENCE
LISTING

The Sequence Listing associated with this application is
provided in text format in lieu of a paper copy, and is hereby
incorporated by reference into the specification. The name of
the text file containing the Sequence Listing is 310179__
405USPC_SEQUENCE_LISTING.txt. The text file is about
47 KB, created on Oct. 22, 2012, and is being submitted
electronically via EFS-Web.

TECHNICAL FIELD

The present invention relates to a new kanamycin com-
pound, a kanamycin-producing Streptomyces species bacte-
rium, and a method of producing kanamycin using the bac-
terium.

BACKGROUND ART

Kanamycin produced by Streptomyces kanamyceticus is a
4,6-disubstituted 2-deoxystreptamine-containing aminogly-
coside antibiotic as are gentamicins and tobramycin, whereas
neomycins and butirosins are 4,5-disubstituted aminoglyco-
sides.

These types of antibiotics are produced mainly by actino-
mycetes and have been widely used for a long time. Like other
antibiotics, the appearance of aminoglycoside-resistant bac-
teria, which produce aminoglycoside-modifying enzymes,
cause serious problems. The issue of resistance has been
addressed by the semi-synthetic variants of naturally-occur-
ring aminoglycosides such as amikacin, dibekacin, and
arbekacin. The central 2-deoxystreptamine (2-DOS) and
pseudodisaccharides 2'-N-acetylparomamine, paromamine,
and neamine are common biosynthetic intermediates of most
aminoglycosides. The biosynthetic route to neamine via
2-deoxystreptamine and paromamine was elucidated using
recombinant enzymes involved in butiroin and neomycin bio-
synthesis.

DISCLOSURE OF INVENTION
Technical Problem

Ithas been reported a glycosyltransferase (GT) KanE (also
called KanM2) from the kanamycin cluster, catalyzes the
glycosylation of paromamine to produce 3"-deamino-3"-hy-
droxykanamycin C using uridine 5'-diphospho-D-glucose
(UDP-Glc) as a cosubstrate. Alternatively, it is considered
that kanamycin C and kanamycin B are produced as
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kanosamine (Kns: D-3-glucosamine) is transferred to paro-
mamine and neamine, respectively, by KanE. Otherwise, it is
considered that 3"-deamino-3"-hydroxykanamycin C is a
precursor of kanamycin C, which can produce kanamycin B
as position C-6' of kanamycin C is aminated. It is also con-
sidered that kanamycin A can be synthesized by either KanE-
catalyzed addition of kanosamine to 2'-deamino-2'-hydrox-
yneamine or by deamination of the position C-2' of
kanamycin B. However, the biosynthesis of kanamycin from
pseudodisaccharides or 3"-deamino-3"-hydroxykanamycin
C has not been well known. The reason for this is that it is
difficult to engineer aminoglycoside-producing actino-
mycetes genetically and obtain functional, soluble biosyn-
thetic enzymes.

The inventors of the present invention have constructed an
effective heterologous expression system based on an engi-
neered strain of S. venezuelae and elucidated the biosynthesis
of gentamicin A,.

Therefore, an object of the present invention is to elucidate
the biosynthetic pathway of kanamycins and provide a
method of producing kanamycin compounds and a new anti-
biotic produced by the same.

Solution to Problem

Recently, the inventors of the present invention isolated the
kanamycin biosynthetic gene cluster from S. kanamyceticus.
The production of kanamycin A by expression of this entire
cluster in an aminoglycoside non-producing S. venezuelae
indicated it contains all of the genes sufficient for the biosyn-
thesis of the kanamycin complex.

Therefore, the object of the present invention can be
achieved by a vector comprising kanA-kanB-kanK and other
kanamycin biosynthetic genes, a Streptomyces species bac-
terium transformed with the vector, a method for production
of kanamycin by the bacterium, and a new kanamycin com-
pound produced by the bacterium.

Advantageous Effects of Invention

According to the present invention, a kanamycin-produc-
ing Streptomyces species bacterium, a method for effective
production of kanamycin, and a new kanamycin compound
produced by the same are provided.

BRIEF DESCRIPTION OF DRAWINGS

The above and other features and advantages of the present
invention will be more clearly understood from the following
detailed description taken in conjunction with the accompa-
nying drawing, in which:

FIG. 1A shows the structures of 2-DOS-containing ami-
noglycosides and FIG. 1B shows the previously proposed
biosynthetic pathway of kanamycins. InFIG. 1A, kanamycin,
tobramycin, and gentamicin are 4,6-disubstituted aminogly-
cosides, whereas butirosins and neomycins are 4,5-disubsti-
tuted aminoglycosides. They are all naturally-occurring prod-
ucts, whereas amikacin, dibekacin, and arbekacin are semi-
synthetic aminoglycosides derived from kanamycins. AHBA
is S-4-amino-2-hydroxybutyric acid. FIG. 1B shows the bio-
synthesis of compound 5 (solid lines). However, a complete
biosynthetic pathway (dotted lines) for compound 8 as a final
product has not been discovered. 2-DOI: 2-deoxy-scyllo-
inosose; 2-DOIA: 2-deoxy-scyllo-inosamine; UDP-GIcNAc:
uridine 5'-diphospho-D-2-N-acetylglucosamine; and UDP-
Glc: UDP-D-glucose.
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FIGS. 2A to 2H show the results of HPLC-ESI-MS analy-
sis of kanamycin biosynthetic intermediates obtained in vitro
expression of putative kanamycin gene sets in recombinant S.
venezuelae hosts and in vitro reactions using cell-free extracts
of recombinants. FIG. 2A shows the chromatograms of
extracts from the recombinants (2-DOS, DOS{, and PAR)
expressing kanA-kanB-kanK (2-DOS biosynthetic genes),
kanA-kanB-kanK-kanF (kanF is a gene encoding the first
glycosyltransferase), and kanA-kanB-kanK-kanF-kacA
(kacA is a gene encoding deacetylase). Each colored block
represents an annotated gene. FIG. 2B shows the chromato-
grams of compounds 2 and 9 produced by the first glycosyl-
transferase KanF using three kinds of UDP sugars such as
UDP-glucose (Gle), UDP-2-N-acetylglucosamine
(GIeNAc), and UDP-2-glucosamine (GIcN) as substrates.
Each box represents the cell-free extract obtained from the
recombinant host expressing kanF, and black-framed boxes
indicate the boiled cell-free extracts as controls. FIG. 2C
shows the chromatograms of extracts from the recombinant
(PARcd) expressing kanA-kanB-kanK-kanF-kacA and
kanC-kanD at the same time and the recombinant (PARil)
expressing kanA-kanB-kanK-kanF-kacA and kanl-kacl, at
the same time. FIG. 2D shows the chromatograms of com-
pounds 4 and 10 produced by Kanl-Kacl.-catalyzed reaction
using paromamine and 2'-deamino-2'-hydroxyparomamine
as substrates. FIG. 2E shows the chromatograms of the
extracts from the recombinant (KCXAcAd) expressing kanA-
kanB-kanK-kanF-kacA-kanE, the recombinant (KCX)
expressing kanA-kanB-kanK-kanF-kacA-kanE-kanC-kanD,
the recombinant (KABAcAd) expressing kanA-kanB-kanK-
kanF-kacA-kanE-kanl-kacl,, and the recombinant (KAB)
expressing kanA-kanB-kanK-kanF-kacA-kanE-kanC-kanD-
kanl-kacl.. FIG. 2F shows the chromatograms of KanC-
KanD and KanE-catalyzed production of compounds 5 and 6,
supplemented with paromamine and UDP-Glc. Arrows rep-
resent quenching of sequential reactions. FIG. 2G shows the
chromatograms of KanC-KanD and KanE-catalyzed produc-
tion of compounds 7 and 13, supplemented with paromamine
and UDP-Glc. FIG. 2H shows the chromatograms of the
Kanl-Kacl -catalyzed production of compounds 7 and 8.

FIG. 3 shows a decalcomania-like kanamycin biosynthetic
pathway, in which each colored block represents an annotated
gene and its product has been proven to catalyze the biosyn-
thesis of kanamycin intermediates. Each colored-circle rep-
resents the functional group formed by the product of the gene
shown by the same colored block.

FIGS. 4A to 4C show the results of HPLC-ESI-MS/MS
analysis of kanamycin biosynthetic intermediates obtained
from the recombinant strains in which the first glycosyltrans-
ferase-encoding gene has been changed. FIG. 4A shows the
chromatograms of extracts from the recombinants expressing
kanA-kanB-kanK and kanF (DOS{), nemD (DOSn), tobM1
(DOSt,) or gtmG (DOSg) at the same time, in which the bar
graph on the right side shows the yield of kanamycin pseudo-
disaccharide intermediates produced by each recombinant
strain. The white bar indicates compound 2 and the gray bar
indicates compound 9. Data were obtained from triplicate
analyses. F1G. 4B shows the chromatograms of extracts from
recombinants (KCX, KCXAfn, KCXAft,, and KCXAfg)
expressing one of kanA-kanB-kanK-kacA-kanE-kanC-
kanD, together with kanF, nemD, tobM1, or gtmG. The bar
graph shows the yield of kanamycin pseudodisaccharides
produced by each recombinant strain. The white bar indicates
compounds 5 and 6, which are the congeners of compound 7
in the left-hand cycle of the decalcomania-like biosynthetic
pathway. The gray bars indicate yields of compounds 11 and
12, which are the congeners of compound 8 in the right-hand
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cycle. FIG. 4C shows the chromatograms of extracts from
recombinants (KAB and KABAfn) expressing one of kanA-
kanB-kanK-kacA-kanE-kanC-kanD-kanlI-kacl. together
with kanFE or nemD, in which the bar graph shows the yield of
kanamycin produced by each recombinant. The white bars
indicate the production of compounds 6 and 7, and the gray
bar represents the production of compounds 12 and 8.

FIGS. 5A to 5C show the results of HPLC-ESI-MS/MS
analysis of compounds 17, 19, and 20 produced by the recom-
binant strains. FIG. 5A shows the chromatograms of the
products from the recombinant (KCXb) expressing a com-
pound 12-producing gene set (kanA-kanB-kanK-kacA-
kanE-kanC-kanD) together with seven butirosin biosynthetic
genes (btrG-btrH-btrl-btr]-btrK-btrO-btrV) or the recombi-
nant (KABD) expressing a compound 8-producing gene set
(kanA-kanB-kanK-kacA-kanE-kanC-kanD-kanlI-kacL.).
Compound 15 is the AHBA-conjugated kanamycin derivative
amikacin and compound 17 is the previously uncharacterized
AHBA-conjugated kanamycin derivative 1-N-AHBA-kana-
mycin X. FIG. 5B shows the chromatograms of the products
from the recombinants (KABAfna and KABAfnAet,a)
expressing aprD3-aprD4 and a compound 8-biosynthetic
gene set such as kanA-kanB-kanK-nemD-kacA-kanE-kanC-
kanD-kanl-kacl. or kanA-kanB-kanK-nemD-kacA-tobM2-
kanC-kanD-kanl-kacL. at the same time. Compounds 16 and
18 are tobramycin and nebramine as a tobramycin biosyn-
thetic intermediate. FIG. 5C shows the structures of kanamy-
cin analogs produced by the recombinants expressing aprD3-
aprD4 and tobM2 genes. Each colored-circle represents the
functional group formed by the product of the gene with
annotation information shown by the same colored block.

FIGS. 6A and 6B show the results of HPLC-ESI-MS/MS
analysis of kanamycin pseudodisaccharides obtained from in
vitro reactions using cell-free extracts of recombinant S. ven-
ezuelae strains expressing kanE and kanC-kanD, respec-
tively. FIG. 6 A shows the chromatograms ofthe production of
compounds 11 and 12. Each box represents the cell-free
extract obtained from the recombinant host expressing kanE
or kanC-kanD, black-framed boxes indicate the boiled cell-
free extracts as controls, and arrows represent quenching of
sequential reactions. FIG. 6B shows the chromatograms of
the production of compounds 8 and 14.

FIG. 7 shows the results of HPL.C-ESI-MS/MS analysis of
compounds 16 and 18 produced from in vitro reactions using
cell-free extracts of recombinant S. verezuelae strains
expressing aprD3-aprD4 gene pair. Each box represents the
cell-free extract obtained from the recombinant host express-
ing aprD3-aprD4 gene pair, and black-framed boxes indicate
boiled cell-free extracts as controls.

FIG. 8 shows the results of HPL.C-ESI-MS/MS analysis of
compounds 16 produced from in vitro reactions using cell-
free extracts of wild strains of S. kanamyceticus and Strepto-
myces tenebrarius. Each box represents the cell-free extract
obtained from S. kanamyceticus ATCC 12853 (SK CFE) and
S. tenebrarius ATCC 17920 (ST CFE), and black-framed
boxes indicate boiled cell-free extracts as controls.

FIG. 9 shows the results of HPL.C-ESI-MS/MS analysis of
kanamycin pseudodisaccharides obtained from in vitro reac-
tions using cell-free extracts of wild-type S. kanamyceticus
strain. Each box represents the cell-free extract obtained from
the S. kanamyceticus ATCC 12853 (SK CFE), and black-
framed boxes indicate boiled cell-free extracts as controls.
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BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention provides a vector comprising at least
one gene set selected from the group consisting of:

(1) kanA, kanB, and kanK (DOS strain);

(2) kanA, kanB, kanK, and kanF (DOSf strain);

(3) kanA, kanB, kanK, kanF, and kacA (PAR strain);

(4) kanA, kanB, kanK, kanF, kacA, kanC, and kanD
(PARcd strain);

(5) kanA, kanB, kanK, kanF, kacA, kanl, and kacl. (PARil
strain);

(6) kanA, kanB, kanK, kanF, kacA, and kanE (KCXAcAd
strain);

(7) kanA, kanB, kanK, kanF, kacA, kanE, kanC, and kanD
(KCX strain);

(8) kanA, kanB, kanK, kanF, kacA, kanFE, kanl, and kacL.
(KABACcAd strain);

(9) kanA, kanB, kanK, kanF, kacA, kanE, kanC, kanD,
kanl, and kacl. (KAB strain);

(10) kanA, kanB, kanK, kanF, kacA, kanF, kanC, kanD,
btrG, btrH, btrl, btr], btrK, btrO, and btrV (KCXb strain);

(11) kanA, kanB, kanK, kanF, kacA, kanF, kanC, kanD,
kanl, kacL, btrG, btrH, btr], btr], btrK, btrO, and btrV (KABb
strain);

(12) kanA, kanB, kanK, and nemD (DOSn strain);

(13) kanA, kanB, kanK, nemD, kacA, kanF, kanC, and
kanD (KCXAfh strain);

(14) kanA, kanB, kanK, nemD, kacA, kanE, kanC, kanD,
kanl, and kacl. (KABAfhn strain);

(15) kanA, kanB, kanK, nemD, kacA, kanE, kanC, kanD,
kanl, kacL, aprD3, and aprD4 (KABAfha strain);

(16) kanA, kanB, kanK, nemD, kacA, tobM2, kanC, kanD,
kanl, kacL, aprD3, and aprD4 (KABAfnAet,a strain);

(17) kanA, kanB, kanK, and tobM1 (DOS, strain);

(18) kanA, kanB, kanK, tobM1, kacA, kanE, kanC, and
kanD (KCXAft, strain);

(19) kanA, kanB, kanK, and gtmG (DOSg strain); and

(20) kanA, kanB, kanK, gtmG, kacA, kanE, kanC, and
kanD (KCXAfg strain), and

akanamycin-producing recombinant Streptomyces species
bacterium transformed with the vector.

Preferably, the kanA, kanB, kanK, kanF, kacA, kanE,
kanC, kanD, kanl, and kacL. are derived from Streptomyces
kanamyceticus and have sequence numbers 5 to 14.

The aprD3, aprD4, tobM1, and tobM2 are derived from
Streptomyces tenebrarius and have sequence numbers 15 to
18.

The btrG, btrH, btrl, btr], btrK, btrO, and btrV are derived
from Bacillus circulans and have sequence numbers 19 to 25.

The nemD is derived from Streptomyces fradiae and has
sequence number 26.

The gtmG is derived from Micromonospora echinospora
and has sequence number 4.

Preferably, the Streptomyces species bacterium further
expresses a kanamycin-resistant gene. Preferably, the kana-
mycin-resistant gene comprises gtmF, gtmK, and gtml
derived from Micromonospora echinospora, which have
sequence numbers 1 to 3.

The Streptomyces species bacterium is Streptomyces ven-
ezuelae, but not limited thereto. Preferably, the Strepromyces
species  bacterium  is  Streptomyces  venezuelae
KCTC11725BP and, more preferably, the Streptomyces spe-
cies bacterium is Streptomyces venezuelae KCTC11726BP.
The Streptomyces species bacterium is Streptomyces venezu-
elae KCTC11727BP and, preferably, the Streptomyces spe-
cies bacterium is Streptomyces venezuelae KCTC11728BP.
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6

Moreover, the present invention provides a method of pro-
ducing a kanamycin antibiotic using the Streptomyces species
bacterium, and the kanamycin antibiotic produced by the
present invention comprises the following compounds 1 to

20:

Compound 1: 2-deoxystreptamine (2-DOS)
Compound 2: 2'-N-acetylparomamine;
Compound 3: paromamine;
Compound 4: neamine;

Compound 5: 3"-deamino-3"-hydroxykanamycin C;

Compound 6: kanamycin C;

Compound 7: kanamycin B;

Compound 8: kanamycin A;

Compound 9: 2'-deamino-2'-hydroxyparomamine;
Compound 10: 2'-deamino-2'-hydroxyneamine
Compound 11: 3"-deamino-3"-hydroxykanamycin X;

Compound 12: kanamycin X;

Compound 13: 3"-deamino-3"-hydroxykanamycin B;
Compound 14:

Compound 15:

kanamycin D;
amikacin;
Compound 16: tobramycin;
1-N-AHBA-kanamycin X;

nebramine;

Compound 17:
Compound 18:
Compound 19: 3'-deoxykanamycin C; and
Compound 20: 3'-deoxykanamycin A.

Moreover, the products obtained from the recombinant
bacteria are as follows:

DOS: compound 1;

DOS{: compounds 2 and 9;

PAR: compounds 3 and 9;

PARcd: compounds 3 and 9;
PARIil: compounds 4 and 10;
KCXAcAd: compounds 5 and 11;
KCX: compounds 6 and 12;
KABAcAd: compounds 13 and 14;
KAB: compounds 7 and 8;

KCXb: compound 17;

KABb: compound 15;

DOSn: compounds 2 and 9;
KCXAfn: compounds 6 and 12;
KABAfn: compounds 7 and 8;
KABAfna: compounds 18, 19 and 20;
KABAfnAet,a: compound 16;
DOSt,: compounds 2 and 9;
KCXAft,: compounds 6 and 12;
DOSg: compounds 2 and 9; and
KCXAfg: compounds 6 and 12.

When the kanamycin is produced by the gene recombinant
bacteria of the present invention, especially KABAfn strain,
the yield of kanamycin B as a precursor of arbekacin, which
is one of the semi-synthetic aminoglycosides, is improved
compared to wild-type strains.

Moreover, with the use of the gene recombinant bacteria of
the present invention, especially KABb and KABAfnAet,a
strains, it is possible to produce amikacin and tobramycin by
direct fermentation, not by semi-fermentation and semi-syn-
thesis.
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Furthermore, the present invention provides a new com-
pound represented by the following formula 1:

[Formula 1]
HN OH
H
1 N
NH,
(e}
o e}
HO OH
NH,
OH

The new compound is compound 17, 1-N-AHBA-kanamy-
cin X.

The kanamycin compound of the present invention pro-
duced by the bacterium of the present invention has an anti-
bacterial effect. More particularly, the compound of the
present invention has an antibacterial effect on Gram-nega-
tive bacteria. The compound has an antibacterial effect on
Pseudomonas aeruginosa and Escherichia coli, but not lim-
ited thereto. Especially, the new compound, 1-N-AHBA-
kanamycin X, has an antibacterial effect on amikacin-resis-
tant P. aeruginosa.

Recently, various studies have reported that aminoglyco-
side antibiotics containing the 2-DOS have antiviral effects
on various viruses such as bovine viral diarrhea virus
(BVDV), dengue virus (DENY), etc. Moreover, many studies
have reported that the aminoglycoside antibiotics, which
induce mammalian ribosomes to read-through premature
stop codon mutations, can treat and improve hereditary dis-
eases such as cystic fibrosis, muscular atrophy, Hurler syn-
drome, telangiectasis, and Usher syndrome. The kanamycin
compound of the present invention also contains the 2-DOS
as a fundamental structure, and thus it is considered that the
kanamycin compound of the present invention has an antivi-
ral effect and can treat and improve such hereditary diseases.
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Therefore, the present invention provides an antibacterial
composition comprising the kanamycin compound as an
effective ingredient.

Moreover, the present invention provides an antiviral com-
position comprising the kanamycin compound as an effective
ingredient.

Furthermore, the present invention provides a pharmaceu-
tical composition comprising the kanamycin compound as an
effective ingredient for the treatment of at least one disease
selected from the group consisting of cystic fibrosis, muscular
atrophy, Hurler syndrome, telangiectasis, and Usher syn-
drome.

The composition may be administered orally, rectally,
vaginally, topically, transdermally, intravenously, intramus-
cularly, intraperitoneally, or subcutaneously. The effective
dose of the active compound may vary depending on the
minimum inhibitory concentration (MIC), the age and con-
dition of the patient, particular disease, the severity of disease
or condition, the route of administration, and administrator s
decision.

The pharmaceutical composition may be medicated in the
form of solid, semi-solid, or liquid depending on an admin-
istration pattern. It may include tablets, powders, supposito-
ries, granules, creams, lotions, ointments, patches, aqueous
solutions, suspensions, dispersions, emulsions, syrups, but
are not limited to them. Active ingredients can be encapsu-
lated in liposomes, nanoparticles, microcapsules, etc. Solid
compositions such as tablets, pills, granules, etc. may be
coated for convenience.

The composition of the present invention may contain
pharmaceutically acceptable excipients such as diluents, car-
riers, isotoners, stabilizers, antioxidants, binders, colorants,
flavorings, preservatives, thickening agents, etc. Such excipi-
ents can be selected by one skilled in the art according to the
administration routes and formulations. Moreover, the com-
position of the present invention may contain a small amount
of'anon-toxic adjuvant such as a wetting agent, emulsifier, pH
buffer agent, etc. The non-toxic adjuvant may include, but not
limited to, acetate, sorbitan monolaurate, triethanolamine,
and triethanolamine oleate. The composition for intravenous
administration may be a solution in sterile isotonic aqueous
buffer solution and may contain a local anesthetic for relief of
pain in the injection area.

TABLE 1

Deoxyoligonucleotide primers used for PCR amplification of geneg

Primer sequence(5' to 3', Portion
restriction site shown of Enzyme
Gene with underline) gene site
kanA-kanB cccggatccgaatccecccttegtgacyg 5! BamHI
gtgactagtgttegtcgaccaccgegtega 3! Spel
kanK gcttcectagaactceccggagcacccgtgea 5! Xbal
gtgaagcttcgtggtgccggacaggeccta 3! HindIII
kanC gggacctctagaacgcggtggtcgacgaac 5! Xbal
tctteccaagettactagttgteggeggtegecccga 3! Spel/HindIII
kanD gaccgctctagacaccteccgaggtectete 5! Xbal
tgaaaagcttactagtgggtgacgagacgccggg 3! Spel/HindIII
kanE acatctagaggctccggaagaccgecgacgceca 5! Xbal
tcgaagcttactagtgagacgaggaggaccctt 3! Spel/HindIII
kanF cgaggctctagagccggaccagaacccatt 5! Xbal
tagaacaagcttactagtacgtcgggtgtcgtacgg 3! Spel/HindIII
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TABLE 1-continued

10

Deoxyoligonucleotide primers used for PCR amplification of genes

Primer sequence(5' to 3', Portion
restriction site shown of Enzyme
Gene with underline) gene site
kanI-kacL gatcgctctagacacctggttctggttccc 5! Xbal
aggggaaagcttactagtgtcaggagatgccgaccg 3! Spel/HindIII
kachA ggcgtctagataccgggagatcgggctgty 5! Xbal
acaaagcttactagttgctcatagcgactccttgt 3! Spel/HindIII
nemD cactctagacatcgececgtecteteceegt 5! Xbal
tcaaagcttactagtggcgcagatacggcgcac 3! Spel/HindIII
tobM1 ccgtctagaccgecctttecccgcaac 5! Xbal
gataagcttactagtcacaccgtectattectg 3! Spel/HindIII
tobM2 cgatctagaccgggaggcgaccgtgt 5! Xbal
gcgaagcttactagttcagacgcatacgceccag 3! Spel/HindIII
gtmG tgtcctetagagetgeccggtecacttececge 5! Xbal
aaaaagcttactagtcactcttccggaagaatce 3! Spel/HindIII
btrG-btrH ttctctagatctaggaaaccgcatgcc 5! Xbal
ggctacgtaaaactagtggtttatccgettttget 3! Spel/SnaBI
btrI-btrJ acctctagacggaaaccgccatcccat 5! Xbal
tcctacgtaaaactagtgagttaatgaacagecgt 3! Spel/SnaBI
btrK-btr0 agctctagaaagcccgaagcctgettg 5! Xbal
gtttacgtaaaactagttccctagaccggattcecga 3! Spel/SnaBI
btrv tattctagaattgacttataactcaat 5! Xbal
cattacgtaaaactagtatccgaacgtcacataag 3! Spel/SnaBI
aprD3 ggttctagatgatggacgtggccgega 5! Xbal
cttaagcttactagtgggecgteggtcegtectyg 3! Spel/HindIII
aprD4 ggctctagaaaccccaccctcaccatcecag 5! Xbal
cgcaagcttactagtatcgtgtggtetecgget 3! Spel/HindIII

The inventors of the present invention have reconstructed a
complete biosynthesis of kanamycin by integrating the plas-
mid containing various candidate genes isolated from S.
kanamyceticus into S. venezuelae strain, which is deficient in
biosynthesis of the endogenous deoxysugar thymidine
S'-diphospho (TDP)-D-desosamine. The inventors have
amplified putative kanamycin biosynthetic genes by PCR
with specific primers shown in table 1.

The inventors have modified the kanamycin biosynthetic
flux to produce kanamycin B (compound 7) as a main prod-
uct. The reason for this is that the production of compound 7
leads to the production of 3'-deoxykanamycin and 1-N-
AHBA kanamycin by direct fermentation, which will be valu-
able substitutes for the chemical synthesis of dibekacin and
arbekacin.

After examining the kanamycin analogs obtained from the
recombinants and their structures, it has been confirmed that
the kanamycin antibiotic, which is known as one of the com-
pounds produced from the recombinant bacteria of the
present invention, has the same properties as the commer-
cially available standard kanamycin analog or the kanamycin
analog derived from S. kanamyceticus. However, it has been
ascertained that 1-N-AHBA-kanamycin X, a new kanamycin
analog, has been produced by the recombinant heterologous
strain of the present invention in addition to the conventional
kanamycin antibiotics.

First, compound 3 was biosynthesized from Glc-6-phos-
phate as shown in FIG. 1B. As expected, the recombinant
heterologous strain expressing kanA-kanB-kanK (DOS
strain) produced compound 1 (21.4 uM) (FIG. 2A). To confer
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resistance to kanamycin in S. verezuelae without modifying
the aminoglycoside structure, three resistance genes gtmF-
gtmK-gtm[, from the gentamicin gene cluster were intro-
duced into the recombinant heterologous strain. Transfor-
mants expressing these genes were resistant to >10.0 mg/ml
of the commercially available kanamycin compared to 1.0
pg/ml in control strains. These resistance genes were
expressed together with the kanamycin biosynthetic genes in
the heterologous host in subsequent experiments.

Compound 2 (1.3 uM) was produced by expressing DOS
biosynthetic genes plus kanF encoding the first glycosyltrans-
ferase. Interestingly, a greater amount of compound 9 (7.1
uM) was produced at the same time. Moreover, The cell-free
extract of S. venezuelae expressing kanF supplemented with
compound 1 as a glycosyl acceptor and UDP-Gle or UDP-
GleNAc as a glycosyl donor produced 9-fold greater amount
of compound 9 than that of compound 2 (FIG. 2B). Therefore,
it indicates that KanF accepts both UDP-Glc and UDP-
GlcNAc as cosubstrates but preferentially transfers UDP-Glc
to compound 1. Compound 3 (2.2 uM) was produced by the
recombinant strain (PAR strain) expressing kacA as 2'-N-
acetylparomamine deacetylase together with compound 2/9
biosynthetic genes (FIG. 2A).

It is necessary to convert compound 3 into compound 4 for
the kanamycin biosynthesis. It was estimated that Kanl and
KacL. would participate in the conversion of compound 3 into
compound 4 based on the in silico analysis of the aminogly-
coside gene cluster. Meanwhile, it is considered that KanC
and KanD are responsible for the formation of UDP-kns by
aminating the C-3 hydroxyl group of UDP-Glc. Otherwise it
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is considered that KanC and KanD participate in the produc-
tion of compound 6 from compound 5.

In one example of the present invention, kanC-kanD genes
were first expressed in PAR strain (PARcd strain) to identify
the functions of Kanl-KaclL and KanC-KanD. However,
expression of kanC-kanD in the strain PAR (strain PARcd)
produced only 3 and 9 (FIG. 2C), indicating that KanC-KanD
does not participate in amination of the pseudodisaccharides.
On the contrary, the recombinant strain (PARIil strain)
expressing kanl-kacl. produced compound 10 (4.3 uM) as
well as compound 4 (2.2 uM) (FIG. 2C). Incubation of the
cell-free extracts of the recombinant expressing kanl-kacl.
with compounds 3 and 9 resulted in the production of com-
pounds 4 and 10 (FIG. 2D).

In one example of the present invention, pseudotrisaccha-
ride kanamycins were biosynthesized. Compound 5 (3.2 uM)
and compound 11 (4.5 uM), which was not known as a bio-
synthetic intermediate, were produced by the recombinant
(KCXAcAd strain) expressing kanE encoding a second gly-
cosyltransterase together with genes for biosynthesis of com-
pound 3/9 (FIG. 2E). Additional expression of kanC-kanD in
KCXAcAd strain (KCX strain) resulted in the production of
compound 6 (1.6 uM) and compound 12 (6.0 M), C-3" ami-
nation. The strain (KABAcAd strain) obtained by expressing
kanl-kacl. in KABAcAd strain produced compound 13 (2.0
uM) and compound 14 (3.2 uM). Moreover, the strain (KAB
strain) obtained by expressing kanC-kanD in KABAcAd
strain produced compound 7 of 1.0 mg/1 (2.1 uM) and com-
pound 8 of 3.1 mg/1 (6.3 uM) (FIG. 2E).

In one example of the present invention, cell-free extracts
of recombinant S. verezuelae strains expressing kanE or
kanC-kanD were prepared to determine whether UDP-kns
biosynthesized from UDP-Glc is linked at the C-6 position of
pseudodisaccharide or whether a Glc moiety of pseudodisac-
charide is converted into kanosamine. Compounds 3 and 4
were incubated with UDP-Glc to produce compounds 5/6 and
13/7, respectively. When compounds 3 and 4 and UDP-Glc
were added to the cell-free extracts of the recombinant strain
expressing kanE, compounds 5 and 13 were produced,
respectively. When these reactions were quenched and the
resulting mixture was incubated together with the cell-free
extracts of the strain expressing kanC-kanD, compounds 5
and 13 remained and further conversion was not observed.
However, when compounds 3 and 4 were reacted with UDP-
Glc and the cell-free extracts of the strain expressing kanC-
kanD, compounds 6 and 7 were produced, respectively
(FIGS. 2F and 2G). The same results were observed when
compounds 9 and 10 were used as substrates (FIG. 6). These
results showed that the hydroxyl group of UDP-Glc was
aminated before the glycosyl transfer reaction by the enzyme
pair during the biosynthesis of kanosamine. This example can
be observed in the biosynthesis of kanosamine in Amyco-
latopsis mediterranei, a rifamycin-producing strain.

Moreover, when the cell-free extracts of the strain express-
ing kanl-kacl. were incubated together with compounds 6
and 12, compounds 7 and 8 were produced, respectively. It is
considered that Kanl and KacL. participate in the biosynthesis
of compounds 4 and 10 as well as compounds 7 and 8 (FIGS.
2D and 2H), which shows their substrate flexibility toward
pseudodi- and tri-saccharides. In summary, a decalcomania-
like kanamyvcin biosynthetic pathway of the kanamycin com-
plex dominated by KanF and KanFE glycosyltransferases was
identified (FIG. 3).

In one example of the present invention, the biosynthesis of
kanamycin was modified. Compound 8 is the major fermen-
tation product in both wild-type kanamycin producer S. kana-
myceticus and the heterologous host S. venezuelae. It was

10

15

20

25

30

35

40

45

50

55

60

65

12

shown that KanF glycosyltransferase preferred UDP-Glc to
UDP-GlcNAc in the previous experiment. Kanl-Kacl., which
preferred compound 12 to compound 6, was involved in the
yield of compounds 8 and 7 (FIG. 2H). While amikacin
(compound 15) can be synthesized from compound 8, the
arbekacin, a latest semi-synthetic aminoglycoside having
antibacterial activity against resistant bacteria, can be pro-
duced by removing the 3',4'-hydroxyl group followed by 1-N-
acylation with AHBA. It was supposed that the biosynthesis
ofkanamycin tends to increase the yield of compound 7, if the
kanF gene encoding the first glycosyltransferase was substi-
tuted with another gene encoding the glycosyltransferase
which prefers UDP-GlcNAc to UDP-Glc as a glycosyl donor
in the genetic construct for the biosynthesis of compounds 7
and 8. First, the inventors replaced kanF in the DOS strain
with nemD, tobM1, and gtmG encoding three different gly-
cosyltransterases from neomycin, tobramycin, and gentami-
cin. The DOST strain as a control expressing kanF produced
compound 2 (1.4 pM; 14% of the total pseudodisaccharide)
and compound 9 (7.1 uM; 79%). On the contrary, the strain
(DOSn strain) expressing nemD produced compound 2 (4.4
uM; 57%) and compound 9 (3.4 uM; 36%), from which it
seemed that NemD use UDP-GIcNAc preferentially in con-
trast to KanF. When tobM1 and gtmG replaced kanF (DOSt,
and DOSg strains), there was no significant change in the
ratio of compounds 2 and 9 produced (FIG. 4A).

Moreover, in another example of the present invention,
nemD, tobM1, and gtmG were separately substituted for
kanF in KCX strain. When comparing the ratio of compounds
6 and 12 (1.6 uM, 16% and 6.0 uM, 60%) produced by KCX
strain, the ratio of pseudodisaccharides 6 and 12 (5.0 uM,
65% and 0.4 UM, 7%) produced by the recombinant strain
(KCXAfn) expressing nemD was inverted. However, the ratio
of pseudodisaccharide products 6 and 12 in the recombinant
strain expressing either tobM1 (KCXAft,) or gtmG
(KCXAfg) were similar to each other (FIG. 4B). Moreover,
while the yields of compounds 7 and 8 produced by KAB
strain were 21% (2.3 uM) and 61% (6.8 uM), the yield of
compound 7 in the strain (KABAfn) obtained by substituting
kanF with nemD was increased to 46% (FIG. 4C).

In another example of the present invention, 1-N-AHBA-
kanamycin and 3'-deoxykanamycin were produced by direct
fermentation. The inventors have modified the kanamycin
biosynthetic pathway for in vivo production of 1-N-acylated
kanamycin containing AHBA such as compound 15 and
3'-deoxykanamycin such as compound 16. The AHBA
molecular structure was observed in the naturally-occurring
butirosin. Recently, it has been reported that the btrG-btrH-
btrl-btr]-btrK-btrO-btrV gene set is responsible for biosyn-
thesis and introduction of the AHBA side chain into the amino
group at C-1 of 2-DOS in butirosin. Compound 17 (0.6 mg/1,
1.0 uM), a new aminoglycoside compound, was produced by
introducing these genes into the KCX strain. Moreover, 0.5
mg/1 (0.8 uM) of compound 15 was successfully produced by
expressing the btr gene set in the KAB strain (FIGS. 5A and
50).

Moreover, the inventors have analyzed the aminoglycoside
gene cluster by bioinformatics analysis to find aprD3-aprD4,
two putative apramycin genes, from S. tenebrarius, a tobra-
mycin (compound 16)-producing strain. It seems that the
aprD3-aprD4 genes are responsible for C-3' deoxygenation of
pseudodi- and/or tri-saccharides.

In one example of the present invention, the aprD3-aprD4
genes were introduced into KABAfn engineered for the
increased production of compound 7. The resulting strain
KABAfna produced compound 18 as a major product and
produced compounds 19 and 20 but did not produce com-
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pound 16 (FIGS. 5B and 5C). This result shows that the
activity of AprD3-AprD4 pair removes the 3'-hydroxyl group
in compounds 3, 10, and 4. It also indicates the second gly-
cosyltransterase KanE selectively transfers kanosamine to
compounds 3 and 10 but not to compound 18. To select the
glycosyltransferase that transfers kanosamine to compound
18 to produce compound 16, cell-free extracts of S. kana-
myceticus and S. tenebrarius were prepared and incubated
together with compound 18. The cell-free extract of S. fene-

14

In the test with the clinically isolated amikacin-sensitive P.
aeruginosa strain, most kanamycin intermediates showed
very low antibacterial with exception of the compounds 6, 7,
8, and 12. Interestingly, new compound 17 showed improved
antibacterial activity against all the test strains compared with
amikacin (compound 15). Especially, compound 15 showed
no activity on the clinically isolated amikacin-resistant P,
aeruginosa strain, whereas, compound 17 showed very
strong activity (MIC ~64).

TABLE 2

Antibacterial spectra against Gram-negative bacteria

MIC (ug/ml)

Typical strains

Clinically isolated strains

E. coli P, aeruginosa E. coli E. coli P aeruginosa P, aeruginosa
Kanamycin-related ATCC ATCC CCARM CCARM CCARM CCARM
aminoglycosides ~ 25922(Kan®) 27853(Kan®)  1A020(Kan®) 1A023(Kan®)  2206(AmkS)  2178(AmkF)
Pseudodi- 3 128 NA 128 NA NA NA
saccharides 9 128 NA 128 NA NA NA
4 64 NA 64 NA 128 NA
10 64 NA 64 NA 128 NA
Pseudotri- 6 16 NA 16 NA 64 NA
saccharides 12 16 NA 16 NA 64 NA
5 128 NA NA NA NA NA
11 NA NA NA NA NA NA
7 2 NA 4 NA 32 NA
8 2 NA 4 NA 16 NA
13 128 NA 128 NA NA NA
14 128 NA 128 NA NA NA
AHBA- 15 128 64 128 32 =0.25 NA
pseudotri- 17 16 16 32 16 0.25 64
saccharides

MIC: minimum inhibitory concentration. Type strains and clinically isolated strains were obtained from ATCC (American Type Culture Collection,
USAS) and CCARM (Culture Collection of Antimicrobial Resistant Microbes, Republic of Korea), respectively,

Kan® and Kan® represent the kanamycin-sensitive strain and the kanamycin-resistant strain, respectively. Amk® and Amk® represent the amikacin-
sensitive strain and the amikacin-resistant strain, respectively.

NA represents no activity at 128 pg/ml.

brarius containing tobM2 as a second glycosyltransferase
encoding gene converted compound 18 into compound 16,
but the cell-free extract of S. kanamyceticus did not (FIG. 7).
Therefore, the inventor have constructed the glycosyltrans-
ferase encoding genes nemD, tobM2, and aprD3-aprD4 and a
new strain (KABAfnAet,a) expressing compound 7 biosyn-
thetic gene and produced compound 16 (0.4 mg/1, 0.8 uM)
(FIGS. 5B and 5C). The cell-free extracts of the strain
expressing aprD3-aprD4 converted compound 4 into com-
pound 18, but did not convert compound 7 into compound 16,
which means that these enzymes are active only to pseudo-
disaccharides (FIG. 7).

In one embodiment of the present invention, antibacterial
spectra against kanamycin intermediates and analogs pro-
duced by the present invention were measured. Typical gram-
negative strains (E. coli and Pseudomonas aeruginosa) and
four clinically isolated strains were employed to check the
antibacterial spectra (See table 2).

Among the pseudodisaccharides, the 6'-amino compounds
4 and 10 were more active than the 6'-hydroxy derivatives 3
and 9 against kanamycin-sensitive E. co/i strains. Compared
with compounds 6 and 12 containing 6'-hydroxy group, their
6'-amino counterparts 7 and 8 were more active against kana-
mycin-sensitive test strains. In addition, the 3"-amino com-
pounds 6, 7, 8, and 12 showed increased activity against the
test strains when compared with the corresponding 3"-hy-
droxy derivatives 5, 13, 14, and 11. Therefore, when C-6'
and/or C-3" hydroxyl group of kanamycin were aminated, the
antibacterial activity was increased, which was consistent
with the previous study.
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The inventors have constructed 3D models of glycosyl-
transferases such as KanF and NemD. The 3D models were
generated by homology modeling using the crystal structure
of'the MshA as a template. These enzymes shared over 40%
overall sequence similarity, respectively. Critical residues
and their interactions were preserved in both strongly sup-
porting conserved catalytic association mechanisms.

To gain insight into the catalytic mechanism, the simula-
tions aimed at the preparation of KanF/NemD complex with
glycosyl-donors/acceptor were repeated. First, the inventors
performed a docking of the glycosyl-donors (UDP-Glc and
UDP-GlcNACc) to the putative substrate binding site in both
glycosyltransferases KanF and NemD using AutoDock,
respectively. Secondly, the glycosyl-acceptor (compound 1)
was docked into the putative glycosyl-acceptor binding site of
each glycosyltransferase/glycosyl-donors complex using
CDOCKER and deeply docked into the Glc or GlcNAc area,
thus making ideal interactions with their glycosyl-donors and
the surrounding residues of each glycosyltransferase.

The distance between the C1 atom of the glycosyl-donors
and O3 atom of compound 1 fluctuated only within very
narrow limits (~3.0 A). The total energy of the [KanF or
NemD/glycosyl-donors/compound 1] complex was stabi-
lized and remained stable during the simulation. The radius of
gyration for the complexes was found to be stable at roughly
20 A throughout the simulation, suggesting that the presence
of compound 1 in the complexes induce the protein to adopt
more compact form compared to the proteins in the absence
of compound 1. There is a large hydrophilic pocket between
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two domains of glycosyltransferase KanF (or NemD). The
pocket is formed by glycosyl-donor neighboring hydrophilic
residues such as Glul4 (Glu4l), GInl9 (Gln46), GIn20
(Gln47), His88 (His115), Tyr110 (Tyr137), Thr111 (Thr138),
Aspl17 (Asp204), Lys218 (Lys245), Asn272 (Asn299),
Glu292 (Glu319), Glu293 (Glu320), Ser297 (Ser324), and
Glu300 (Glu327). Analysis of hydrophilic-hydrophilic con-
tact in the docked structure showed that these residues are
playing a crucial role in the interaction. The sugar groups of
glycosyl-donors/compound 1 would interact with hydro-
philic residues of the binding pocket. The uracil moiety of
both glycosyl-donors forms hydrophobic interactions with
Gly243 (Gly270), Phe269 (Phe296), and 11e275 (11€302),

10

16

eral hydrophilic groups as described above, thus their hydro-
gen bond interaction with glycosyltransferases as well as
solvent molecules at the active site is important for them to
bind tightly with both KanF and NemD. The number of
hydrogen bonds between KanF and UDP-Gle (~5) is larger
than that between KanF and UDP-GlcNAc (~2), whereas the
number between NemD and UDP-Glc (~3) is smaller than
that between NemD and UDP-GlcNAc (~6), indicating that
UDP-Glc binds more tightly to KanF than does UDP-GlcNAc
to NemD.

The calculated free energies of UDP-Glec and UDP-
GleNAc binding to KanF and NemD is -42.2, -47.3, -41.4,
and —-46.7 kl/mol, respectively (See table 3).

TABLE 3

Average binding free energies(kJ/mol) between glycosyl-donors and surrounding residues
of KanF and NemD during molecular dynamics simulation

KanF + KanF + NemD + NemD +
UDP-GleNAc UDP-Gle UDP-Gle UDP-GleNAc
Evdw -7.98 £0.59 -7.13+£0.17 -8.07 £ 0.24 -7.45 £0.40
< enz >
- vdW -42.09 £ 0.39 -35.04 + 0.84 -43.90 + 0.38 -41.95 £ 0.08
< enz + sub>
EElec -258.33 £ 1.65 -284.48 + 1.47 -253.13 £+ 1.34 -277.01 +1.83
< enz >
EVdW -329.18 £ 0.47 -367.88 + 0.48 -321.53 £ 0.74 -356.63 +0.18
< enz >
vdW -42.25 £ 1.15 -47.28 + 1.82 -41.37 + 1.18 -46.71 £1.09
< enz + sub>

* The binding free energy (AG)) calculation was based on the molecular

vdW
enz — sub > B <

AG = 0.2(<E

dynamics simulation;

Elec
enz — sub > B <

Elec
Fae )
enz

Eg‘j» - 0.5(<E

wherein < > denotes averages of the van der Waals (wdW) and electrostatic (Elec) interactions between the substrate
(sub) such as UDP-Glc and its surrounding residues in enzymes (enz) such as KanF and NemD. 0.2 and 0.5 are scaling
factor for wdW and Elec, respectively.

whereas their ribose moieties build the hydrophilic interac-
tions with Ser297 (Ser324), and Glu300 (Glu327). The
hydrophilic contact between compound 1 and Tyrl110
(Tyr137)is strong because the phenolic group of Tyr is moved
somewhat inward or outward from its original position as
compound 1 which is located above the phenolic group tries
to get closer to Tyr110 (Tyr137). However, Leu89 (Leull6)
make a strong hydrophobic interaction with compound 1
which doesn’t move much at all. The amino group at C3
position in compound 1 interacts with the Asp177 (Asp204)
which allows the dissipation of the delocalized negative
charge of compound 1. The hydroxyl group at C6 position in
compound 1 make hydrophilic interactions with His88
(His115), whereas the ring moiety of compound 1 makes
hydrophobic interactions with Glyl6 (Gly43) and Vall?
(Vald4). The Glc or GleNAc part in the glycosyl-donor is
anchored to a pocket formed by Glu292 (Glu319), Glu293
(Glu320), and Leu294 (L.eu321), proposing that these resi-
dues might play a critical role in the stability of those com-
plexes. The sugar parts of glycosyl-donors stack against
between the carboxyl moieties of Glu292 (Glu319) and
Glu293 (Glu320). Leu294 (Leu321) is located at almost the
center of hydrophobic and hydrophilic interaction with sugar
moiety.

The inventors have performed the molecular dynamics and
binding free energy analysis. The glycosyl-donors have sev-
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The inventors have discovered that the substrate-flexible
glycosyltransferase KanF synthesizes compounds 9 and 2 by
taking both UDP-Glc and UDP-GlcNAc as cosubstrates for
attachment to compound 1. The discovery of the structure of
compound 9 indicated that KanF is a glucose transferase as
well as an N-acetylglucosamine transferase. The activity of
this glycosyltransferase has not been known in the biosynthe-
sis of aminoglycoside. Moreover, compound 9 is converted
into compound 10 in the same way as compound 3 is con-
verted into compound 4 by KanlI-KacL.. Kanl-KacL. also con-
vert compounds 6 and 12 into compounds 7 and 8, respec-
tively. The second glycosyltransferase KanE also shows
remarkable substrate flexibility toward the glycosyl-acceptor
and produces compounds 6, 7, 12, and 8, respectively by
transferring UDP-Kns to compounds 3, 4, 9, and 10. KanE
also takes UDP-Glc as the glycosyl-donor and transfers UDP-
Glc to the pseudodisaccharide, thereby producing com-
pounds 5, 13, 11, and 14 (FIGS. 2 and 3).

The method of directly producing AHBA-binding kana-
mycin using the recombinant strain of the present invention is
first discussed as the direct fermentative production of the
semi-synthetic aminoglycoside.

Moreover, compound 17 (1-N-AHBA-kanamycin X) as a
new aminoglycoside compound produced by the present
invention has strong antibacterial activity against all kanamy-
cin and amikacin-resistant test strains. The unique structural
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difference between compound 15 and 17 is a functional group
attached at C-6' position (FIG. 5C), which indicates that com-
pound 17 is active against bacteria having resistance to com-
pound 15 by removing the 6-amino group which acts as a
target of aminoglycoside 6-acetyltransferase. Another advan-
tage of compound 17 is the reduced toxicity due to the reduc-
tion in the number of amino groups.

Furthermore, the in vivo production of compound 16 by a
modified pathway is more economical than the conventional
method using hydrolysis of 6"-O-carbamoyltobramycin
which occupies 9% of the total nebramycin factors produced
by S. tenebrarius.

MODE FOR THE INVENTION

Hereinafter, the present invention will be described by way
of examples in detail. However, the following examples are
provided to facilitate the understanding of the present inven-
tion, and the present invention is not limited to or by the
following examples.

Example 1
Preparation of Materials

Standard kanamycin, kanamycin B, neomycin, paromo-
mycin, tobramycin, and amikacin were purchased from
Sigma (USA). 2-mercaptoethanol, phenylmethylsulfonyl
fluoride (PMSF), phenol/chloroform/isoamyl alcohol (25:24:
1), uridine 5'-diphospho-D-glucose (UDP-Glc), and glass
beads (150 to 212 um) were also purchased from Sigma.
Heptafluorobutyric acid (HFBA) was obtained from Fluka,
and HPLC-grade acetonitrile, methanol, and water were
obtained from J. T. Baker. 2-deoxystreptamine (2-DOS, com-
pound 1) and UDP-2-N-acetyl-D-glucosamine (UDP-
GleNAc) were purchased from GeneChem (Republic of
Korea). Cation solid-phase exchanger (OASIS MXC SPE, 3
m[./60 mg) and vacuum manifold were purchased from
Waters. The culture medium components, soybean meal,
yeast extract, and malt extract were acquired from BD Sci-
ence (USA).

Paromamine and neamine were prepared from paromomy-
cin and neomycin, respectively, by methanolysis. UDP-2-D-
glucosamine (UDP-GIcN) was prepared by enzymatic reac-
tion of UDP-D-glucose pyrophosphorylase  with
glucosamine-1-phosphate and uridine 5'-triphosphate (UTP).
Escherichia coli DHI0B and plasmid Litmus 28 (New
England Biolabs) were used for routine subcloning. High-
copy number E. coli-Streptomyces shuttle vector pSE34 con-
taining the strong ermE* promoter plus a thiostrepton resis-
tance marker was used as an expression plasmid.

Example 2
Culture of Strains

The recombinant strains of S. venezuelae were grown in
liquid R2YE at 30° C. for preparation of protoplasts, which
were regenerated on R2YE agar medium supplemented with
thiostrepton (30 pug/ml). The E. coli strains used for subclon-
ing were grown in LB medium supplemented with ampicillin
(50 pg/ml) to select for plasmids.

For production of kanamycin biosynthetic intermediates
and their analogs, S. venezuelae strains expressing the bio-
synthetic candidate genes were cultivated at 30° C. for 4 days
in one liter of baffled Erlenmeyer flasks containing 300 m[ of
R2YE medium supplemented with thiostrepton (25 ug/ml). S.
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kanamyceticus ATCC 12853 was grown at 30° C. for 5 days
in liquid ISP2 (0.4% yeast extract, 1.0% malt extract, and
0.4% glucose), and S. tenebrarius ATCC 17920 was grown at
30° C. for 5 days in fermentation medium (2.0% glucose,
2.0% soluble starch, 4.0% soybean meal, 0.5% yeast extract,
0.5% CaCOs,, and 0.4% MgSO,7H,0, pH 7.0).

To check the antibacterial spectra of kanamycin biosyn-
thetic intermediates and their analogs, a total six kinds of
Gram-negative bacteria such as kanamycin-sensitive (Kan®)
E. coli ATCC 25922, kanamycin-resistant (Kan®) Pseudomo-
nas aeruginosa ATCC 27853, Kan® E. coli CCARM (Culture
Collection of Antimicrobial Resistant Microbes, Korea)
1A020, Kan® E. coli CCARM 1A023, amikacin-sensitive
(Amk®) P. aeruginosa CCARM 2206, and amikacin-resis-
tance (Amk®) P. aeruginosa CCARM 2178 were used.

Example 3

Cloning and Construction of Expression Plasmids
and Recombinant S. Verezuelae Strains

An engineered strain of S. venezuelae, which is deficient in
biosynthesis of the endogenous deoxysugar thymidine
5'-diphospho (TDP)-D-desosamine, was used as a heterolo-
gous host. A gene replacement plasmid, pYJ188, was intro-
duced into protoplasts of S. venezuelae YJO03 mutant for
deletion of the kanamycin modifying gene (aphll) by a rep-
licative plasmid-mediated homologous recombination. Sev-
eral double crossover mutants were identified on the basis of
their phenotypes of kanamycin sensitivity and their geno-
types by Southern hybridization.

DNA fragments containing a variety of kanamycin biosyn-
thetic genes were amplified from pSKC2 by PCR with spe-
cific deoxyoligonucleotide primers (See table 1). The DNA
fragments encoding NemD, GtmG, AprD3, AprD4, TobM1,
and TobM2 were obtained by PCR-amplification using
genomic DNA of S. fradiae ATCC 10745, Micromonospora
echinospora ATCC 15385, and S. tenebrarius ATCC 17920,
respectively. DNA fragments containing btrl, btr], btrK, btrO,
btrV, btrG, and btrH required for S-4-amino-2-hydroxybu-
tyric acid (AHBA) biosynthesis and transfer were PCR-am-
plified using genomic DNA of Bacillus circulans NR3312 as
atemplate. Each pair of primers contained several restriction
sites to facilitate subcloning of each DNA fragment.

PCR was performed using Pfu polymerase (Fermentas)
under the manufacturer’s recommended conditions. All PCR
products were cloned into Litmus 28 and sequenced to con-
firm their authenticity.

For expression of 2-DOS biosynthetic genes, PCR-ampli-
fied fragments containing kanA-kanB and kanK were
digested with BamHI/Spel and Xbal/HindIIl, respectively,
and simultaneously ligated with pSE34 which had been cut
with BamHI and HindIIl, thus generating pDOS. Plasmid
pDOSf  (kanA-kanB-kanK-kanF-gtmF-gtmK-gtml.) was
constructed to express kanF along with 2-DOS biosynthetic
genes by ligating the Spell HindIII-digested DNA fragment
of kanF with the Xbal/HindIII fragments of resistance gene
set (gtmF-gtmK-gtml[.) isolated from pYJ489, and inserting
into pDOS as an Xbal/HindIII fragment.

All subsequent cloning steps for construction of plasmids
pPAR, pPARcd, pPARIil, pKCXAcAd, pKCX, pKABAcAd,
pKAB, pDOSn, pDOSt,, pDOSg, pKCXAfn, pKCXAft,,
pKCXAfg, and pKABAfh were performed using the compat-
ible cohesive ends of Spel and Xbal sites.

For the direct fermentative production of 1-N-AHBA
kanamycins, plasmid Litmus 28 containing btrG-btrH was
digested by Spel/SnaBI and ligated with the DNA fragment
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btrl-btr] that had been cut by Xbal/SnaBI. The resulting plas-
mid carrying btrG-btrH-btrl-btr] was subsequently ligated
with the DNA fragment containing btrK-btrO-btrV in the
same manner. Then, the plasmid containing btrG-btrH-btrl-
btrJ-btrK-btrO-btrV was digested by Xbal/Spel and trans-
planted into the Xbal site of pKCX and pK AB (See table 2) to
generate pKCXb and pKABDb, respectively. The correct ori-
entations of the DNA fragments containing btrG-btrH-btrl-
btrJ-btrK-btrO-btrV in the pKCXb and pKABb were con-
firmed by restriction fragment analyses.

Next, plasmid pKABAfna and pKABAfnAet,a were con-
structed in attempt to produce 3'-deoxykanamycins in vivo.
The plasmid Litmus 28 containing aprD3 was digested by
Spel/HindIIl and combined with the Xbal/HindIII DNA frag-
ment containing aprD4. The plasmid containing aprD3-
aprD4 gene set was ligated with the Xbal/HindIII DNA frag-
ments containing nemD-kanE-kanC-kanD-kanlI-kacA-kacL.-
gtmF-gtmK-gtm[.. The resulting plasmid was moved into the
Xbal/HindIII sites of pSE34 containing kanA-kanB-kanK
(pDOS) to generate pKAB tha. Plasmid pK ABAfnAet,a was
equivalent to pPK ABAfna supplemented with tobM2 instead
of kanE.

To prepare the cell-free extract of S. venezuelae for func-
tional assignment of each kanamycin biosynthetic gene prod-
ucts, DNA fragments containing kanF, kanE, kanl-kacL,,
kanC-kanD, and aprD3-aprD4 were transplanted into pSE34
as Xbal/HindIII fragments, thus generating pKanF, pKanE,
pKanl-Kacl., pKanC-KanD, and pAprD3-AprD4, respec-
tively. All resulting plasmids were then transformed into an
engineered strain of S. venezuelae, thus yielding the corre-
sponding recombinants.

Example 4

Isolation and Identification of Kanamycin
Biosynthetic Intermediates and their Analogs

HPLC was performed with a Spherisorb S5 ODS2 (250x20
mm, Waters) semi-prep column on the products of engineered
recombinant strains in Example 3. The products were eluted
with the same mobile phase used in HPLC-ESI-MS/MS
analysis at a flow rate of 12 mI./min over a period of 150 min.
The resulting eluent was fractionated into 3-mlL. portions that
were monitored by HPLC-ESI-MS/MS to detect and charac-
terize the presence of each kanamycin-related biosynthetic
intermediate and analog. Fractions containing products of
interest were pooled and extracted using OASIS MCX SPE
followed by freeze-drying. 'H, **C, and 2D 'H-'H COSY
NMR spectra were acquired using a Varian INOVA 500 spec-
trometer at 298 K. Chemical shifts were reported in ppm
using  trimethylsilyl-2,2,3,3-tetradeuteropropionic  acid
(TSP) as an internal reference. The assignment of each com-
pound was carried out by comparison with previously
assigned 'H and '*C NMR spectra, and NMR data processing
was done using MESTREC (Magnetic Resonance Compan-
ion) software.

Example 5

Analysis of Kanamycin Biosynthetic Intermediates
and Analogs

Kanamycin biosynthetic intermediates and their analogs
produced by recombinant S. verezuelae strains expressing
aminoglycoside biosynthetic genes were extracted from the
fermentation medium using the OASIS MCX (Waters) SPE
cleanup procedure and analyzed by HPLC-ESI-MS/MS.
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Analytical HPLC-ESI-MS/MS was performed on the ana-
Iytes in an XTerra MS C,; column (50x2.1 mm, 3.5 pm,
Waters). The analytes were eluted with acetonitrile and 10
mM heptafluorobutyric acid (Fluka) for 45 minutes. Quanti-
fication of the analytes was conducted using MS/MS in the
multiple reactions monitoring mode. This was done by select-
ing the two mass ions set to detect a transition of the parent ion
to the product ion specific to the selected analytes: compound
1, 163>84; compound 2, 366>163; compounds 3 and 10,
324>163; compound 4, 323>163; compounds 5, 12 and 14,
486>163; compounds 6, 8 and 13, 485>163; compound 7,
484>163; compound 9, 325>163; compound 11, 487>163;
compound 15, 586>264; compound 16, 468>163; compound
17, 587>264; compound 18, 307>163; and compounds 19
and 20, 469>163. Three separate cultivations and extractions
were performed.

Example 6

In Vitro Reactions to Analyze AprD3-AprD4
Activity

In vitro reactions to analyze the activity of AprD3-AprD4
pair on 3'-deoxygenation in the pseudodi- or tri-saccharide
were carried out by supplementing 100 uM neamine or kana-
mycin B with the cell-free extracts from the recombinant host
expressing aprD3-aprD4. After incubation at 30° C. for 2
hours, the reaction was quenched. The resulting supernatant
containing the product of interest was extracted using OASIS
MCX SPE, and then subjected to HPLC-ESI-MS/MS analy-
sis. Independent experiments were carried out in duplicate,
and the results are shown in FIG. 7.

Example 7

In Vitro Reactions to Analyze Glycosyltransfer
Activity of KanF

Cell-free extracts of S. venezuelae were prepared by glass-
bead homogenization. These cell-free extracts were sus-
pended in a Tris buffer solution containing 100 mM TrisHCI
(pH7.6), 10 mM MgCl,, 6 mM 2-mercaptoethanol and 1 mM
phenylmethylsulfonyl fluoride (PMSF, Sigma), and each pro-
tein concentration was calibrated. The glycosyltransfer reac-
tion by KanF was initiated by supplementing 100 uM 2-DOS
together with 200 M UDP-Glc (Sigma), UDP-GlcNAc
(GeneChem), or UDP-GIcN as cosubstrates to the cell-free
extracts of the recombinant host expressing only kanF. 100
UM 6'-hydroxy pseudodi- and tri-saccharides 3, 6, 9, and 12
were mixed with the cell-free extracts of the recombinant host
expressing kanl-kacL. to measure the activity of Kanl-KacL.
for C-6"-amination. The resulting cell-free extracts were incu-
bated at 30° C. for 2 hours before quenching with ice-cold
phenol/chloroform/isoamyl alcohol (25:24:1, Sigma) and
then subjected to centrifugation at 18,000 g for 5 minutes. The
supernatant containing the product of interest was extracted
using OASIS MCX SPE, mixed with 100 uM water, and then
subjected to HPLC-ESI-MS/MS analysis.

Example 8
In Vitro Reactions to Analyze KanC-KanD Activity
In vitro reactions to analyze the activity of KanC-KanD
were carried out using cell-free extracts of two S. venezuelae

strains expressing kanE or kanC-kanD. 200 uM UDP-Glc and
100 uM compound 3 or 4 were mixed with the cell-free
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extracts of the strains expressing kanE (or kanC-kanD) and
incubated under the same conditions as Example 7 before
quenching the reactions. After the resulting supernatant con-
taining the product of interest was incubated together with the
cell-free extracts of the strains expressing kanC-kanD (or
kanFE) at 30° C. for 2 hours, the reaction was quenched. The
resulting supernatant was extracted in the above manner and
then subjected to HPLC-ESI-MS/MS analysis.

Example 9

In Vitro Reactions Using Cell-Free Extracts from
Wild-Type Strains of S. kanamyceticus and S.
tenebrarius

In vitro reactions to determine the glycosyltransfer activi-
ties of KanE from S. kanamyceticus and TobM2 from S.
tenebrarius on nebramine, were performed by supplementing
100 uM nebramine with the cell-free extract obtained from S.
kanamyceticus (SK CFE) and TobM2 from S. tenebrarius (ST
CFE). To minimize the presence of the kanamycin- or tobra-
mycin-related congeners in the cell-free extracts of both wild-
type strains, which might interfere with reactions, the cell-
free extracts derived from glass-bead homogenization were
further treated using OASIS MCX SPE pass-through as fol-
lows. At first, the cell-free extracts obtained from both wild-
type strains were loaded onto each SPE cartridge, which was
conditioned with methanol and water. Next, the pass-through
from the cartridge was pooled, and the same step was repeated
again. The above-mentioned cleanup procedures were all
done in ice-cold conditions of about 4° C. The resulting
cell-free extracts were incubated with compound 18 at 30° C.
for 2 hours, and then subjected to the OASIS MCX SPE
cleanup and HPLC-ESI-MS/MS analysis. Independent
experiments were carried out in duplicate, and the results are
shown in FIG. 8.

Reactions to determine the conversion of compound 6, 7,
or 12 into compound 8 were performed by supplementing
100 uM of compound 6, 7, or 12 with the cell-free extracts
obtained from S. kanamyceticus. These cell-free extracts
derived from glass-bead homogenization were further puri-
fied using OASIS MCX SPE pass-through as described
above. After incubation at 30° C. for 2 hours, the reaction was
quenched. The resulting supernatant containing the product
of interest was extracted using OASIS MCX SPE, and then
subjected to HPLC-ESIMS/MS analysis. Independent
experiments were carried out in duplicate, and the results are
shown in FIG. 9.

Example 10

Measurement of MIC of Kanamycin Biosynthetic
Intermediates and Analogs

Minimum inhibitory concentrations (MICs) of various
kanamycin-related pseudodi- and tri-saccharides and AHBA
conjugated kanamycin analogs (except for compounds 16,
18,19, and 20) were measured by broth microdilution accord-
ing to the Clinical and Laboratory Standard Institute (CLSI,
formerly NCCLS). As described in Example 2, gram-nega-
tive E. coli strains, P. aeruginosa strains, and clinically iso-
lated strains were incubated in Mueller-Hinton broth (BD
Science) at 30° C. Then, the aminoglycoside produced in the
present invention was diluted 2-fold serially to give final
concentration between 0.25 to 128 ug/ml. An aliquot of water
was used as a negative control group. The growth of the
strains was observed using the Labsystems Bioscreen C, and
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the minimum concentrations of the aminoglycoside diluted in
the broth medium to inhibit the growth of the bacterial strains
were measured.

Example 11

3-Dimensional (3D) Implementation for
Glycosyltransferases Such as KanF and NemD

Homology modeling of a couple of glycosyltransferases
such as KanF and NemD was performed with MODELLER
and optimized by FoldX using the atomic coordinates of
MshA (PDB code: 3C48) as a template. The 3D structure
models were assessed by VADAR program. Molecular dock-
ing was employed to determine the binding conformation of
the glycosyl donors (UDP-Glc and UDP-GIcNAc) and accep-
tor (2-DOS), and energy-minimized and structure-optimized
with Gaussian03 using HF/6-31G(d) basis set for molecular
dynamics simulation.

The docking of the glycosyl donors and 2-DOS to glyco-
syltransferases was initially conducted according to the pre-
dicted topological binding sites by several algorithms. The
automated docking was carried out by CDOCKER program
(Accelrys, Inc.) based on the MMFF force field and
AutoDock 4.0 program suite. The active site was defined with
6 A radius sphere from the putative catalytic center of KanF
and NemD. Each complex model was solvated with TIP3
water molecules in a cube box and ensured the whole surface
of KanF and NemD protein with their glycosyl donors/2-
DOS to be covered by a water layer with a thickness more
than 12 A The energy minimization for each complex was
performed using the steepest descent algorithm, followed by
the conjugate gradient in the CHARMM. Then, a 500-ps
position restrained molecular dynamics was performed with
the proteins and glycosyl donors/2-DOS using CHARMM
package. Finally, a 3 nanoseconds molecular dynamics was
started by taking initial velocities from a Maxwellian distri-
bution at 300 K. Solvent and glycosyl donors/2-DOS were
independently, weakly coupled to a temperature bath with a
relaxation time of 0.1-ps. The system was also isotropically,
weakly coupled to a pressure bath at 1.0 atm with a relaxation
time of 0.5 picoseconds and an isothermal compressibility of
0.5 10~*/bar. Long-range electrostatics was calculated by the
particle-mesh Ewald method. Short-range van der Waals and
coulombic interactions were cut off at 0.1 A. All bond lengths
were constrained using the SHAKE algorithm, and the time
step was set to 0.002 picoseconds. The binding free energies
between the glycosyl donors and KanF (or NemD) were
calculated using the linear interaction energy method using
default parameters.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims.

[Accession Nos.]|

KABAfn strain: KCTC11725BP

KABAfnAet,a strain: KCTC11726BP

KCXb strain: KCTC11727BP

KABBD strain: KCTC11728BP

INDUSTRIAL APPLICABILITY

According to the present invention, a kanamycin-produc-
ing Streptomyces species bacterium, a method of effectively
producing kanamycin, and a new kanamycin compound pro-
duced by the same are provided.



23

US 9,133,492 B2

24

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 62

<210> SEQ ID NO 1
<211> LENGTH: 825

<212> TYPE:

DNA

<213> ORGANISM: Micromonospora echinospora

<400> SEQUENCE: 1

atgacgacat

cggegetace

geegegegyay

tacggggect

tcegetgtygyg

gtgcatgtgt

cgtcacgtge

getecctgga

ctgategget

gtcgacctee

ctgeectgte

tcgecgatta

tttcagaact

cgactggaga

ctgegectga

agacggtggc

gegacgtgee

tcctgecgec

acgceggtga

ccactegtga

cccagcccaa

tgggecetgte

tegtggacge

tcgaggacceyg

tggagactca

tcgtggtaac

attcacaaag

tcggcaacga

<210> SEQ ID NO 2
<211> LENGTH: 1407

<212> TYPE:

DNA

ggaccgtatce

cceggecace

ggacgeggtyg

cagccegecc

c¢gacgaggeg

gegattgecyg

cacgctgegt

ggaccagace

cgcectgacy

ccttgacgag

dcgacgagge

cttececgace

ttttgagtce

getgatttac

gaccaggtcg

gtgcggegee

aagcgcacca

aactacgcag

gtecegggegy

cacctggegy

gacctegect

gtctacgteyg

aggctgggceyg

ccgaccgacyg

tCngCtggg

aagtctcteg

caggccagag

gtcattcaga

<213> ORGANISM: Micromonospora echinospora

<400> SEQUENCE: 2

atgtctgaca
cccagecgac
gactcgacgg
accgggetgg
ggeggecggy
ttceggegteg
cgtgeectee
atcaacttca
geggecggeg
cgectgggtgt
gtceetgegeyg
accggtgega
gacceggteg
gecgagegte
geccagegget
ctcacccagt

atcceggegy

cggccaaaca

cgggactege

tggtctacgt

tCtgggtggt

ccggegacat

cctegetgat

aggggatcgg

ccgacaacge

gcacgetegyg

tcttcatcaa

agagccagec

tggtecgeect

tcectggecty

gggcccggca

tcgtcaccect

acttccaggyg

cggtectggt

agcgaccgge
getgacecett
cgecectgecy
caacgcgtac
cgteggecag
ctgeggtetyg
ggcegegety
ggcecggaac
cctgatecte
cgtgceggty
geagegegge
ggtgtacgcyg
cctegeegty
geegetgety
getgttette
ggtgtggage

cctggtegec

gecggaggtea
ctggectect
cagatccage
gecetggegt
cggeggatee
gegacctege
gtegeccega
aaggcgatcg
ggeggggtge
gtegegetgg
tcgttegaca
ctcgtecgea
geggeegtee
cegetgegge
ceggecgect
tactcecgege

gegatcectga

agcaggccat

tggCCnggC

agcgcgggct

cgttgetgeg

ctectgegecey

agttctacca

gtggcctcaa

cctecgacat

tcgegeaccey

tcacgctatt

aagtgattga

gtcagcgate

aacggtcgtyg

aatag

agcagcccgg
gtgegttgat
agagcctega
tcggeggtet
tcctegtegy
cggagatget
cgtegetete
gtgtctacac
tcagcgacge
tgctecctget
tegtegggge
cctegaccaa
tgttcaccgt
tgttcgeccga
tcgecggeat
tgcgtaccgyg

geggacaget

caccaagagce

tgcecctegte

gcatgagatc

gcagctcgac

cgcgatgtca

ggagatctte

tcegetggee

cgacgeccgyg

tacgagcgtyg

gctgaagacg

cattgtcaac

gaaggggatg

ccgaattcag

cgcagegggt
gatcegtecte
ggtgagcgee
gatgctgete
getggeggte
gateggtgee
getgatteceg
cggcategee
cgectectygy
cgegeegege
ggtgaccteg
gggttggggce
getgatcetyg
cegggtecgy
gttcttette
gttegectte

ggtacccaag

60

120

180

240

300

360

420

480

540

600

660

720

780

825

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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cteggtecga

ctcacccaga

geeggttteg

gcgecggagy

gcgctgggac

atgcgtaggg

ttcaaccgte

gegtegtgge
tcteegecga
gegecggect
tgaccggege
tggcegtget
cgttetgggt

ggtegegtac

<210> SEQ ID NO 3
<211> LENGTH: 894

<212> TYPE:

DNA

cgggatcggc

cggeggcetac

gatctactcg

ggcgtcecage

ggtcaccgeyg

ggctgeegte

cgagtga

gegetgetea

gtcacctege

tcggtgaceyg

gtgttgcagg

gcgggcacgc

atcgcegege

<213> ORGANISM: Micromonospora echinospora

<400> SEQUENCE: 3

gtgceggecy
gagcceggecg
geceggcetcea
gtecggeggy
cggetgeaca
gegetggace
ctggecggge
ctgtteggge
ttcaccgtge
gegacgtteg
cggcacgagyg
aagacgtacc
ctggegtgec
gtcttegtge

tggtegeggg

gtgaaccgge
cggeegtgec
cegeegegge
agggtcggge
aggtcgeege
gggecgacct
acttctecac
tggtgeegee
cctggetgeg
tggagctggg
aggtgctcac
actgcatgga
ggcacgtggt
ccegteacgt

ccactetgge

<210> SEQ ID NO 4
<211> LENGTH: 1176

<212> TYPE:

DNA

accggecace

gtegeegecy

caagtaccgt

caccggggac

cctgcaccety

cgacgaccceg

cgccgaacge

gccggagacg

ggaggtgage

caacgegtte

cgacggecac

dggacgeegy

ggtgtegtte

ggaggagetg

gtcegaggac

cggecggage
ccggagtcac
gacgtgcace
geegecgage
ctcaccgece
cagtccegge
ctgecccgace
gtggccgaca
gacgceeget
ctegeccgga
cgggtgagcg
ceceggegeayg
cccacccgygy
geegagetgg

ctggtggcga

<213> ORGANISM: Micromonospora echinospora

<400> SEQUENCE: 4

gtgggcggta

gaccagcteg

ggcctgaccey

ttggteggee

cgeggtgact

gthnggtC

tceceggetet

acccaggegyg

accgecgacy

tgcaggtgca

tgctgaccct

ttcgtatege

tgggacaggc

ggcgecccga

ggatcgccge

cecgtetacca

aacgacaggc

tggtgagcgc

gatcctggeyg

gggetttecy

cegggtgtec

atggttgatc

tctegtecac

ccggatectyg

gecgatgteg

getgegetee

cgcgacceggt

ttgtcccgea

gggtthCgC

ctgccccaga

ggaaccatce

gtgcacgccyg

ggCgthCgt

geggtggacyg

gccgceccggg

ctggaccget

ccacgetegyg gatgatetgyg

tgctceggtee getggegatce

cctegatcat gtccaacgtyg

cggtccagea gatcggtecg

ccgccgacee ggtcgagggyg

tgceggeegt cctegeccty

cggagtcegge catcctgecg

ccgecgtgea gaaggtgatce

cggagaccegt cgccgacctyg

tggaacggcg ggtCnggCC

ggccggceggce gctgcgcaag

gggactggtg ccggcaggtg

tggacacctt ctacccgace

tcgegtgege getgaaccceg

acgtcggeta cgacttcaac

cccatecgga gtgcegagatce

ctgacctggyg gttgetgete

ggCtggCgCt ggtcgaccgg

ccatgaacgg ccgggcggceg

ccegegaceyg gggatggage

tccacaagga gtga

gcctggccag ggnggCgtC

cgacgaagca gatcgagecg

tcegttecga gatcactgga

gggagtgect cceggttgegt

acggccagat ctggccactg

acgtgctcac cctgcactge

cgatggcegea ccgectggte

tcagcaccct gaccgeccge

ctgccategt ggtcaaccceyg

1080

1140

1200

1260

1320

1380

1407

60

120

180

240

300

360

420

480

540

600

660

720

780

840

894

60

120

180

240

300

360

420

480

540
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gacgceggteg acatcacccee ggccacgece gecgaggegg cggcegttege gecageggtac 600
ggectgaceyg gecgecggee gctcategge tacatceggece gggtcegecca cgagaaggge 660
tggceggace tgctecgect ggccgaactt ctggacgace tcetecccgac cttectegte 720
gteggtgacyg gcccccageg ggaacggatg gaacgggaga tcegccgaggce cggtegegeg 780
caccagtteg tggtgaccgg tttecteceg cacgaccagyg tgccggecge tctegegetg 840
gtggacacce tggtcatgee ctcgatccac gaggaactceg ggggcagege gatcgaggeg 900
atcatgacgg gcaccceggt cgccgectac geggtegggyg gactgcegeag caccatcgge 960
teggectgee ccgacctget cagcgagecce ggcgacgtac geggactege cgacgtegte 1020
cggcacgtee tgaccgaccg ggacgeggtg gtegegcaga tcecacgcecge gcagaccage 1080
accgecagca ccttegacgt cgccgecacce cgggaccgga tgatcgactyg ctaccgegece 1140
gcectegeeyg gggcecgggge ggcgagceggg aagtga 1176
<210> SEQ ID NO 5
<211> LENGTH: 1173
<212> TYPE: DNA
<213> ORGANISM: Streptomyces kanamyceticus
<400> SEQUENCE: 5
atgcaggtca ccaccatcac gatggatgac gtccagtate cctaccgatt aggcacggac 60
tgcctegacyg gcatcegtcac gegectegge gaacteggeyg ccagecgceta cctgategte 120
agcgacccca gggtegecga getgtacggg caggggcetge gegaacgget cgcggagcag 180
gegggacceeyg ccgagetgat cacccatgcece tcgggagaac agaacaaggg cctgeccgea 240
ctgcacgace tggccgagga ggcgcetgegg cgeggcegecg accggcagag catcgtegta 300
gcactcggeyg geggtgtcac cgggaacatce geggggetge tggccgeget getctteege 360
ggcatcegte tggtgcacgt gcccaccacce gtggtggeca tgctggattce ggtgetcteg 420
ctcaagcagg ccgtgaacgce gggagtegge aagaacctgg teggcacctt ctaccagcece 480
gtegaagtge tcegecgacac cgcgatgetg cgcacectge cggtcecgega ggtcaggteg 540
gggatgtgeyg aggtggtgaa gaactcgetce gecatcegee ccagcatgat cgaccagetg 600
teggecggge tgcgecccga cggccgetat cecgacgaca cgatgcactyg gatcatctac 660
gagagcctygyg ccgecaagge ccaggtcacg gegtacgaca agtacgageg cggcgaggga 720
ctcatecctgg agtacgggca caccgteggg cacgecegtgg agcactccte gcagggagece 780
gtgccgecacyg gegecgecogt cgcegetegge atgategecg cegeccaggt cteccacegyg 840
gegggetggyg ccteggcecga actcegtegac ctgcaccggg agetcegtege caagaccggyg 900
gtegegegge geatcccegte cgacataccg cteteegecg tcaggcacceg cctetectte 960
gacaacaagc ggggctacct cccggectcece gecgacacct atccgatggt getgetcgaa 1020
tcececggea aggtgetgceg cagcgaggge accgtcectga cggeggcegece acgggacctg 1080
gtegacgegy tggtcgacga actcgeggaa cccccacgge cegeggecge gaggaccgac 1140
gacgccgeca cegtectegg cggtgceggg tga 1173
<210> SEQ ID NO 6
<211> LENGTH: 1284
<212> TYPE: DNA
<213> ORGANISM: Streptomyces kanamyceticus
<400> SEQUENCE: 6
atgccectge aaagttcacg gettgeggte gacaacggaa cccecgtecyg cggcaagece 60
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tggceggtgt ggccgecagcece caccgacgge accctegacyg cectetceeeyg cgtectgegt 120
tceggecget gggecatcag cggccectac cggggegtgyg agteggcecga acgecgette 180
geeegeeggt tegecgacta ccaccgecatce geccactgeg tgeccgecte cageggtacy 240
gegagectga tgetggccect ggaggectgt ggegteggeyg cgggagacga ggtcatcctg 300
cceggegtea cctgggtege ctecgectee acggtggtgg gegtcaacge ggtgecggtyg 360
ttegecgaca tcgacccgga caccctetge ctegaccegyg acgecgtega ggceggecate 420
accceggeca ccaaggcgat cgtcegtegte cacctctacyg cggecgtege cgacctcace 480
cgectcaagg aggtggecga ccggcacgge ategtgcetea tegaggactyg cgcgcaggece 540
cacggegeceg agttcgaagg ccacaaggtce ggcacctteg gegeggtegyg caccttcage 600
atgcagcaga gcaaggtcct gaccagegge gagggceggeg ccegecatcac cgccgacccg 660
gtgctegeee gecggatgga acacctgege geggacggece getgctacceg cgatcaggeg 720
cegeecteeg gecacatgga getcegtegag acgggcgage tgatgggcag caaccgetge 780
atcteccgagt tccaggcage ggtcctgacce gagcagetgyg gcegaactcega ccggttcaac 840
geectgegac ggcacaacge ggaactcecte gacgegetge tgaccgacgt cggataccge 900
cecgecagegea gcacgeccgg caccaccgece cgcacgtact acacctacgt cgccgagetg 960
ccegacgegg aactgeccgg cgcggacatce accaaggtca ccgaggceget gaccgecgaa 1020
cteggettee cggtggcace ggectacteg cegetcaacyg ccaacccect gtacgacccyg 1080
gecagtegea gecggttege ccteggaccg cagcacgaga agctcatcga ceccgeccga 1140
ttegtgetee cggtgagegg ccgcectgacg cgteggeteg tcaccttceca ccacgecgcece 1200
ctgcteggeyg acgagtcgga catgagggac atcgeggaag cgttcaccaa ggtgcetccag 1260
caccgggecg tectggceege ttga 1284
<210> SEQ ID NO 7
<211> LENGTH: 2064
<212> TYPE: DNA
<213> ORGANISM: Streptomyces kanamyceticus
<400> SEQUENCE: 7
gtgaaggcac tcgtgttcca cagecccgag aaggcgacct tcgaacageg cgacgtcccce 60
actceccegge cgggcegaage cctcegtecac atcgegtaca actccatctyg cggcagcgac 120
ctetegetet accgeggtgt ctggcacgge tteggctace cegtegtgece cggacacgag 180
tggagcggca ccgtggtcega gatcaacgge gecaacggac acgaccagtce gctggtegge 240
aagaacgtgg tgggcgatct gacctgegeg tgegggaact gegeggectyg cgggegeggyg 300
accceggtge tetgegagaa cctccaggaa cteggcettea ccaaggacgyg cgcectgegece 360
gagtacatga ccatcccggt cgacaaccte cgcccgetge cggacgeget gtegetgegt 420
agcgectgee aggtcgaacce getcegeggtg gegetcaacyg cggtcageat cgegggegte 480
geteceggty accgggtcege cgtcatgggg gecgggggea teggectcat getgatgeag 540
gtegegagge atcteggegg tgaggtgacg gtegtgtceceg aaccggtege cgaacggtga 600
aggcactcgt gttccacage cccgagaagg cgaccttega acagcgcgac gtccccacte 660
ceceggecggg cgaageccte gtccacateg cgtacaacte catctgegge agcgacctcet 720
cgctectaceg cggtgtetgg cacggetteg getacccegt cgtgeccgga cacgagtgga 780
geggcacegt ggtcgagatce aacggegeca acggacacga ccagtcegetg gteggcaaga 840
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acgtggtggg cgatctgace tgegegtgeg ggaactgege ggectgeggg cgegggacece 900
cggtgetetyg cgagaaccte caggaacteg gettcaccaa ggacggegee tgegecgagt 960
acatgaccat cceggtegac aacctecgee cgetgecgga cgegetgteg ctgegtageg 1020
cctgecaggt cgaaccgete geggtggege tcaacgeggt cageatcegeg ggegtegete 1080
ccggtgaccg ggtcegecgte atgggggccg ggggcatcegg cctcatgctg atgcaggtceg 1140
cgaggcatct cggeggtgag gtgacggteg tgtccgaace ggtegecgaa cggegegegg 1200
tcgecgggea gttgggegee accgagetgt getcegecga gecggggeag ctggecgaac 1260
tegtegeceg gegeccegag ctcacgecceg acgtggtect ggaggeatce ggcetatcegg 1320
ctgegeteca ggaggecate gaggtggtca ggecgggegg cegeatcegge ctgategget 1380
accgggtgga ggagacggga ccgatgtece cgeagcacat cgeggtcaag gegetgaccce 1440
tgcgeggete getgggeccoe ggeggecgcet tegacgacge cgtegaactyg ctegegaagg 1500
gegacgacat cgeggtegag cegetgetca gecacgagtt cggectegece gactacgeca 1560
ccgcgetega cectggegetyg teccgcacga acggcaacgt gecgctectte ttcaacctgce 1620
gegactagge gegeggtcege cgggcagttyg ggegecaceg agetgtgete cgecgagecyg 1680
gggcagetgg ccgaactcegt cgcccggege cccgagctca cgeccgacgt ggtectggag 1740
gecatcegget atceggetge getccaggag gecatcgagg tggtcaggece gggeggecge 1800
atcggectga teggctaceg ggtggaggag acgggaccga tgtececgea gcacatcegeg 1860
gtcaaggcege tgaccctgeg cggetegetyg ggecceggeg gecgettega cgacgecgte 1920
gaactgcteg cgaagggcga cgacatcgeg gtcegagecge tgctcageca cgagttegge 1980
ctegecgact acgccaccge getegacctyg gegetgtece geacgaacgg caacgtgege 2040
tcettetteca acctgcgega ctag 2064
<210> SEQ ID NO 8
<211> LENGTH: 1164
<212> TYPE: DNA
<213> ORGANISM: Streptomyces kanamyceticus
<400> SEQUENCE: 8
atgcaggtac agatcctgeg gatgtccege geectggeeg agttgggggt gegecageag 60
gtgctcaceg teggetteee cggtetgece agagtgegge gegactccga gaacctggtyg 120
gtgcggatca ccagggccce getgeccagyg ctgegetceca ggatcaccegyg cctggtegge 180
ctcaaccagg cgtggetgge cgecgegete accgaatgeg tgaaactgeg gegecegetgg 240
ccegecgace tgatccaggt ccatctggac ggecagetet gggegttget cgegggacceg 300
gtegeegece gectggtggg cgtgecgtac acggtcaceg tgcactgete geggetggeg 360
gtgtatcage ccatgtccac cgtcgaccge atccagcacce ccttggtgac cgecgtegag 420
cgetgggege tgcegeegtge ggeccgggate accacgetga cegageggac cgcecacggtg 480
ctegeegeeg aactgggege ggcccagagg gtgatcgacg tggtgecega cgeggtcegac 540
ccegateggyg ccgaggecge geccgecgag gtegagegge tgaagaageg ttteggectg 600
cegcaggagyg geggtecegt catcggatte gteggecgga tegeccacga gaagggetgg 660
cgeccacgecg tccaggeggt ggccgaacte geggacgegg gecgggactt caccttecte 720
gtegteggag acggaccgca gegggcecgac atggaggegg cggtggecga ggecggtete 780
accgaccggt tegtettcac cgggttectyg cccaacgacg agatcecege cgtgatgace 840
geectggacyg tcectectgat gecgteegtyg cacgaggagt tgggeggeag cgecgtegag 900
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gecatgeteg

ggcaaggtga

gtcaagcggg

tggCthng

cgggtacteg

cgggaacgec

ccecegtectt

tactcgacga

acgagttegg

gcaaagaacg

<210> SEQ ID NO 9
<211> LENGTH: 750

<212> TYPE

: DNA

ggtggecgee
getggecgeyg
tcecegegecy
tgtccaccac

gtag

tacggggtcg

cceggecagyg

gtcetggecy

geggeeggte

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 9

gtgagggtce
gtegeggece
ttcggcacga
acgcteeggy
cteceggeagy
gaggcgaccg
gecgacctygyg
accgeggtge
gegttggaga
gggcacgagg
gacaccteceyg
tggagttegyg

geegtgacac

tcctegtete
acgceegegyg
ccctgtacge
agcgegagga
aggactgetce
atcctegecyg
tegtegegec
ggcagtcget
geceegtega
cggccaageg
aggtcctete
cgggettece

ccgacaagga

<210> SEQ ID NO 10
<211> LENGTH: 1170

<212> TYPE:

DNA

cceecaccece

getegeggee

gecccacage

cegegactac

ctgectggge

ggCCgCCgtg

getggetgte

cggegecaca

ggtgcectee

cgcegatete

gtaccggecyg

ccaggacctyg

gtcgetatga

gacgacatcg

aagggctggc

cegegegeag

gegegecegte

atggacgacg

cggcagctga

ggcggccacg

cecctgectet

gaccaccgge

gegetgtace

gangCgCgt

gccgagegga

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 10

atgggcggcea
cegcaccgygy

cggatcaagg

tacttecggac

aagcggetge

geggecttet

cactccagec

atcgccaagt

gaccgggece

ctegegtace

ctgcgggagc

gccgagaagy

gactgccagt

tgcacctget

tcctgacgat

tgcacgeeeyg

tegteggege

gccgggagat

accecgtatcet

gctatctgag

dggcggagceyg

gegacgagat

tggccagega

gctacggect

gecgtggagta

tcgtcatege

ggtgegggee

gtcaccgece

geggetgece

ctgggccaag

¢ggggcgegy

gatgtccegyg

ccagcacccce

gcacgeegte

dcggcegeaag

ccagttcaag

cgacgaccge

ctacatcgag

cggggacggt

ctggtcgagg

aaggtgccca

gtgctgccca

ggcagectgt

gtgcacgege

atccteggeyg

accacgctet

cgcaaggecg

geccagetge

gacgccgaca

ccgategtge

geegeggcecy

cecegecaegge

geggectgty cgacacegtg

tggccgaact cgcegeggacyg

aattgcgtge cggacgggag

tcgegttgge ccactatgag

cgctgtectt cggeggetygy

ggttcgacct gctgacegte

tcaccaagga ggccatcage

acgggcetgeg gectgacctet

aggaggagct catcgcccce

thngngC gCthCngg

tggatcaccyg catcgtccge

ggtacgagga cctgccgtac

cctggetggt cgacatcagyg

getegeagat gaccgecgece

cegtecegty cgageggete

tggcactgge cacgctggec

agatggcggg ccgeggegte
aggacatcag gatcgggcag

tecececteega cetggagggy

tgtgggtgct gecgcaaccge

actgcgacgg ctegggegece

tgcegetggt ggtccagatce

tcgagegggt gaccgaccceg

cegeggtect gatgetcace

cegeggageyg cgtgcacegg

c¢cgaggcegayg gcegggcggaa

tctacgtggyg geggatcgee

aactgacccg caggggccgyg

cggacctega aaagctgatce

960

1020

1080

1140

1164

60

120

180

240

300

360

420

480

540

600

660

720

750

60

120

180

240

300

360

420

480

540

600

660

720

780
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ggegeccgeg
ccatccatga
atcgtcatce
gtcaacaagce
gagatggcceg
gagaacgccyg

gegggeatet

ggctgegega
tctecetggy
tggagtgcat
tcatcgagga
acgcegtega
ccecegetgec

accgggagat

<210> SEQ ID NO 11
<211> LENGTH: 1080

<212> TYPE

: DNA

cegggtgace
cgaactegtyg
gaccatgcge
cggcaccace
geggetecte
cgcegecaag

cgggctgtga

atcacgggcet

gtgctgeegt

aggccgctgg

ggaatcgteg

gacgatcegg

tactcgetet

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 11

atgggcgggyg
cacgaccteg
gagcecctect
cccaacggyge
gtggagaagce
cggcacgace
gecegtcaac
ttcecgeaact
geectectygy
gacgtcgagt
gaccgegegt
gtcatggagt
ggtgagcagg
accggcatgg
cagggctggg
ggcaccgtga
ctegectegy

cggetgtecyg

tgcacgccga

accecegeage

gggcggacct

tgcaccaccyg

cgcteggtgt

gggtcettge

tggtcgcgga

cgggecccga

acctgggetyg

cggtcagege

ceggeaccge

tegecgacgyg

tcaccgegga

ggCthgCgC

tgcatccgga

tegaggegge

ccegtgtect

gegegecggt

<210> SEQ ID NO 12
<211> LENGTH: 1260

<212> TYPE:

DNA

ggtggtggeg

cgccagggac

getegecgac

gcaggcggcc

cacgceggag

ccacggaage

caccgaggeg

ggCCgCCtgg

tcacgeggty

ccgactgeag

gggaaccgcg

cgcggteggg

gatcatcgge

ctactecggac

atgggagtgg

dggccagggce

ggccaccggt

cggeectgge

gctecatceey

ctggccgage

ccegegateg

gaggcgctge

caggtggccg

aacttecgtge

ttcggacgge

gecgegteca

gagetgtgee

cgggtgcgge

nggthCgC

cagtgcgacyg

accaagggca

aagggctatce

atccgggega

atcccectcea

taccgcagte

gegtegacga

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 12

atgagcaaga

ggcccgcaca

ttceggeggea

aagcteggeg

ctgegegece

ggcacggccg

acgacctggt

agctggeget

tcgggecgea

tcececttece

ccecegtacgyg

tgggegtgcg

cggegategt

gecatcgacce

gttcggcgga

cgatctegac

caacacccac

cctgatggte

tgccggggac

gcacatcaac

ggcggeggtyg

actccegtac

cgcctcaaat

cacaccgect

tccaacggea

gaggtgatca

geegteceey

gaggcggcega

tcatgtcecca cgagttcatce

cceggtacga ggagcetggge

tcgegcacga cgtgaacgge

tacccecegtt caggaccccg

agctgecgega gcggatggeg

cegeggeggyg cgaccaactyg

gegecegget cgaageggtyg

ggttcegege cgagegggece

acctgctcecat catcaccacyg

gggcgggcaa gcacgtactg

agctcgtega actcgecgga

acagcccgaa gttegteegyg

cgcacctggt cegggtegte

aggacctcgc gggcggcgga

ggtggetget cgacggegece

cgcecccacga cgcecgaageg

tggaggacca ggcgctgetyg

tctectgggt cacccaggge

gggtcgaggt cgacctgtgg

aggacgtctyg ggatcccgag

geggcetacta ccaccaggac

cccacggece cgceggaagceg

acgcggaggg gcgggtactg

cggcggcggyg ctcggaatga

ggaacgagga gttctacgac

cegtectega cteggggaac

tcgecgacet gttcaccgge

ccatcagtet ctecatcgeg

ccaccggeta cacctggatg

tcctggtgga catcgacccee

tcaccecegeyg caccaaggtyg

840

900

960

1020

1080

1140

1170

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

60

120

180

240

300

360

420
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atcgtecegyg

gacaagcacg

gggcagtgeg

atgactgeeg

atgtcgetgg

ctgggctgga

cagcacgacg

gecgagateg

tactacgagg

gtcetetegy

gtacacaaga

tacggcgatce

gacgagtccg

atcctegaag

tccatetggy

gactcgcgat

tgggcaccca

gtgagggcgyg

ccaactgegyg

acgccagage

cgctgeacge

geggetteac

tcatctacceg

cgatcettge

gcgaactgtt

ggatcggece

tgtgggtgca

cegtegecaa

<210> SEQ ID NO 13
<211> LENGTH: 1527

<212> TYPE:

DNA

caatcagatc

cctggaggac

¢ggggacgey

cttectggty

ccgcaaggag

gagcgaactyg

caagcgggcyg

tCCCgtgggg

cttegaccee

cgagggeatce

cgcggtggac

ggacagcgte

ccacgegetyg

ggteccgegac

gecgaccteyg

accgcgcacyg

ggcagcttca

gccagggacg

cegggttacyg

caggcegect

dcgagegegy

aacgacgacc

gCCgCCtggg

gagctggagg

geegtecact

gacctgeccyg

ctcacecggeyg

aacctgcgag

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 13

gtgcgcatca

agcggegect

atcctegaac

gacacctggyg

geccatggegt

cgecgaccteg

cggetegacy

cegteccacy

cacaccccga

tccacccega

acgcegtgea

CtggCgCgCg

gecteggeac

cgcteggtec

ctgetgegtt

ggccgecace

gtcgeccace

ggtgcggagt

ccegaggecyg

cgececgeagy

cgcategtea

tctecgtaca

ceggtgecat

agggcaccge

cgtacgcacyg

teggeggegyg

accecgeegec

aactggagcc

geegggtggy

tgggeggege

tggcgatcag

ceggetteac

c¢cgaggggga

¢ggggeggge

atgccgaceyg

cggcggaccyg

tggccatgaa

agcegetgeg

tccecegggea

accgtectygyg

cccgcaacat

tggactaccyg

dgaggeggcec

caccgecgeg

gatccegecy

cgacggggaa

cacggtgtte

cgegetecte

gcactacgac

cgactacgec

gCtggCCng

c¢ggggccagy

ctgecceggte

cgtgteegte

gaaacgtcte

cttegtecte

gcgcegagecy

gaacagcgtce

ccatcgetac

getgggceggy

cgeceggtteg

ggtgcggctc

ccagcacccce

accecgeacct

gtgctegecy

ggcaccgace

ggctggagca

tacggcggea

ggcgacgccg

tgggtggagg

ttccececact

ggcgccgacg

gaccggcacyg

aacgccaagg

geectggaca

gaagtgcteg

geggecaacy

gacggcatgg

tacgtccgeg

tccagegtet

atcatctacg

ctgctecage

gccaggagece

ttggacggcg

acgcgetgeg ggcegategee
ggcacttege cgagtggegg
gettegagag cagcaagatce
aggacgtgta ccagcggatg
acggtttege gggccgcace
tcatgatcgg gcaggtcgag
cgaagctcac cgceggggete
cgaggatcac ccggegecag
aggggctgca ccgggacgag
gegacgectt ctaccegecce
ggcccatgat cgccgagagg
tcgecgaceyg cgcecgeaged
acgacaagga cctecggcgac

aactgcacga cgcgagctga

tcgacgtetg cgtggtggge

aacggggect gtcegtgete

acgacgacgt cgaggacccc

aggagggcta tccctggage

tctecttecyg ctacgaacag

actacgcgca ctggeggetyg

accggetegyg cgtgagegge

acgcgegggyg ctegetgecg

cectgggget gacccegetyg

gececggety cgecgagetyg

ccgatgtgat cagccgcatce

ccagagceggt geggttegtyg

geggecagtee ccgcagecge

ccatccagte cgccgegete

ggaactccag cggtcaggtg

gcaggaccca ggagceggate

gegtectgga ccacctgege

aggccaacce gtgggaggac

tggagtgect ccteggegac

gggaccggga cgggctccag

aacgcctgga cgtgctcecag

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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gggaaggcga aggatgtact
gatttcgega ccggcagcac
acctcggtga ccgaccggac
ggcgegacgt tcececttege
cggeggateg cggteggeat
<210> SEQ ID NO 14

<211> LENGTH: 1179
<212> TYPE: DNA

gecacgeggece
gecatctgcac
gggceggetyg
cgggaactte

ctectga

ggggecgage
ggcacgctge
cacgactacg

aatcccaccce

<213> ORGANISM: Streptomyces kanamyceticus

<400> SEQUENCE: 14

gtgtccacge acccegtect
ggcegtcacca ccgacceccyg
ggcagceggca ctegegtgta
ttcggetegy tgctcategyg
ctgagcgaag gcaatctett
cggetecttyg actggttece
geggtgteeg cggeggeccyg
tceggetace acggctggea
accttcegagt cgtacgecac
gaccggcacyg gcgaggagat
cacgcctact accaggagcet
gacgaggtca agaccggett
gagceggacyg ccgtgaccegt
gtgggccage gacagctcac
aacgaacagyg tggggttege
gtggeggeeg tgacgegecyg
gecgaacacyg gectgecegt
gacgcegecyg acgagggtet
ttctgegaca cgggcgacga
ctecectegage ggttegeege
<210> SEQ ID NO 15

<211> LENGTH: 783
<212> TYPE: DNA

ggactggage
ccecegacgag
cgacctggac
gcacgcggaa
ctacaccgge
ctggtecgag
getegeccag
cgactggcac
cgagttecac
cgcggeggte
gegegaggtyg
ccgggecgygy
ctccaaggge
ccaggagetyg
cgecegegttyg
cacgggtgag
cggggegecy
cgcegagegy
cttcaacatg

cgegetegge

cgatcegeeyg

gacggccact

ggcaacgect

ceggeegteg

gegagecege

caggccatct

cacgcgaccyg

ctggaggcgg

aacgacctygg

gtggtgacge

gccaaggage

gegggegggt

atggccaacyg

agcgaggege

gegteectgyg

geggtecgge

ggctggggac

ctcgaagegyg

atgttccata

gacctetga

<213> ORGANISM: Streptomyces tenebrarius

<400> SEQUENCE: 15

atggagcaac ggtacgtgct

gaggagctgg ccggccgagyg

gegtcactge tegegacggt

gtgaccgace cggacagcegt

ctgcacgece tggtgaacaa

ctgacgecegyg gggacgeget

accagggcegt tccteccect

ggtcaccggg

gtggaccgte

gcgeggecegy

¢gecgeggey

cgceggggtyg

cgacatcetyg

gttgcgegee

gecagtegeyg

gtcetggect

dgcgcecagygy

gtggacgceeg

ttcegtcacy

ctcaccaaca

gcgggegyggy

gcaccgagte cgtcgacage

gegecggtga cgacccegeg

acaacgtgtyg gtcggcggac

tcaccatcca ggccaatgec

aacacctgeg ccgceteccac

accecctgegt actgaccegyg

acctcgatet caccggatce

tacgggcggt gaccgacgte

gecgactgge cctegeggag

tctaccgcac ggggtectge

gecgcaaceyg ggtgetgagt

tgcccgagge caagcccaag

cgctectaceyg ctectggete

ccgagecgea ccgettegac

acggctgect gttegtegtyg

tcagcgecect ggccgggate

gacacagcat ctccgeegtg

acgtctggte cacctaccag

acttcctgga geggcacgac

agggcgtget ccagetcette

cgatgttega gectggactte

cgectgetgeyg ccacgggate

cegeggagea caccgacgag

gtetgggacyg gegcagegece

geegegacgt cgeggacgte

cccacgeggt tccgatggac

tgcgegaggt cggcegggcgy

ccgaggageg cttecegggy

cctacggece getggtggty

cggeggtggt gaacgtgace

1320

1380

1440

1500

1527

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1179

60

120

180

240

300

360

420
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agccgegacyg ccgacgagga caccttegac ggegagttea cetgctaceg cgegtccaag 480
gecgegetga acgcgatgac caggaacctyg geggtegege tgegecccga ccggategte 540
gtcaacgegg tcgatceggg gtggatccce accgacatgg geggtecgga ggecccggac 600
agcctggacyg cggecegtgac ggeggtggte gacgecgteg agetggeegg gagcegaccegg 660
accggggtee tgctcaggge tggecgegac ccegececte cggtggegge gecgagegag 720
cccaaccage ggcaccagece ggaccteeeg cegecceceg tecegeggtyg gteggegteg 780
tga 783
<210> SEQ ID NO 16
<211> LENGTH: 1383
<212> TYPE: DNA
<213> ORGANISM: Streptomyces tenebrarius
<400> SEQUENCE: 16
gtgaatgagg tgcgacgaat gecggctegge acggtactge tggtgagecce gaagactteg 60
ttcgggegtyg atctgecaacyg gacgtacgeg ggegggeteg geacggtetyg caaggacgag 120
gacttecctge tgccecceget cgacctgatyg cgectggeeg gegtectgeyg cgaggacgec 180
gacgacatcg cgatcgecga cgaggaggte accggegtgg tecccteegt ggagecegge 240
accacggtga tctgecacgt ctegetgece agectgetgg aggacgceega geggetggeg 300
acctteegeg cgcagggege cegetgetac gectacacga geatcegeag ccccgeccag 360
tggceggacce tgttegageg gggeggetge gagggegtece tgctcecega gtegatctece 420
ttcegecegeg cegegetege cggegaccac accgtgecgg gectggtgac cceggacteg 480
ctgctegace cceggeacca ccagecggee tteggtgace tggeggeega gecgetgecg 540
gecagggace tggtcgacca cacgccegtac atgttcccee cgatcgegeg caccgggatc 600
accagcatca acggcagett cggetgecce taccegtgece gettctactg ccegtacceg 660
ctcagegagg gccgcaagat ccgcacctac ccegtegage ggatcegtgge ggagtteegg 720
cagtgcgeeg agctgggeat caccgeggece gtetteegeg acceggtgtt ctecttecac 780
cgcgaccgea cectggaget gtgecaggee ctcaaggeeg cegacacedg ggtgecctgg 840
tggtgcgaga cccggatecga ceggetegac gaggaggteg tggecgeget ggtcegacgece 900
gggtgegteg gegtegaggt cggegtggag agceggcgacce ccgacatgca ggegacceged 960
gtcegecaage gectgaacct ggacaccgte cggaagttee acgeggtgge caggaaggec 1020
gggctgaage tggtcttcect gttectgatce ggcctgccca gggagaccag gatgtcgatce 1080
cggcgcacct tcgacttcecat cctggagctg gggctggecg acaccgagtt caacctcagce 1140
gtgatcacce cctacceggg caccgagcetyg caccagatceg cggtggacaa ggggtggatc 1200
gacggctege agaacgectt caccagecac aacgccgtga tgcacaccga cgagetgage 1260
atcggegace tggageggge cagecggtte gtegacgage tgcacgeggt ctgcaaggeg 1320
gggccegecyg agegggcecga gttecaggee agggtgcacg cctggtegac cggtgacgec 1380
tga 1383

<210> SEQ ID NO 17
<211> LENGTH: 1251

<212> TYPE:

DNA

<213> ORGANISM: Streptomyces tenebrarius

<400> SEQUENCE: 17
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gtgcegtgtte

gagttcgacyg

¢ggegeggey

gtcgactege

gagctgaccyg

gtgcggctcea

tgggcgttgc

ctgcactget

cggctggtcg

accgaccgea

gtggtccecy

ctggagaagce

cacgagaagg

accttectygg

geeggectgt

gtcatggeceyg

gegetggagg

gacaccgtygg

dcggaggecy

ggcegttect

cactatgage

tceggetcac

cggteggegg

tgcgccagea

cgaacctggt

gCCtggthg

ggcgcaccty

tggcgggacc

cgegectgte

tegeggegga

cegegteggt

actcggtgga

tgggcgtgcc

getggeccga

tcgtcgggga

ccgaccggtt

gtctggacgt

cgatgetgge

gccacgtgac

ttegtggtgt

ggctgaccga

gtgtccteag

<210> SEQ ID NO 18
<211> LENGTH: 1263

<212> TYPE:

DNA

ccegttette

gatgcagttyg

ggtgctcacy

cgtgceggatce

gctcaaccag

gegececgac

ggcegegtee

ggtgtaccag

gaagtgggcg

ggtegectee

cacgtegtec

gtcegaccac

cctegtgege

cgggccgcag

cctgtteace

getegtgaty

gggaacgcce

geegtegety

getegacgac

cctettegac

tggaaccgec

caccacgact

cagatcctge

ctgggettee

accagggecc

gegtggetgg

ctggtecacy

cgegtgeteg

cccatgtegt

ctgcgegggg

gegetegggy

actgtggaca

gaggcegteg

gtggeeggeg

agcgggcgca

gggttectge

cegtegegge

gtggcegect

ctegtgecte

cegeggecea

ggeggtgeeg

cgtetecgee

<213> ORGANISM: Streptomyces tenebrarius

<400> SEQUENCE: 18

gtgcggcgge

gactgetggt

gtggaggaga

gtgcccaggg

ttgccgatce

agcetgetgt

geccactgeyg

ggCgthCgC

ttgtgggaac

gcggceggegy

ctggaccecee

gacaccgagg

gtegtectet

gecgecgaac

acccgecagg

ggggcggegt

cggeceggtt

tggccggcag

acctggecat

cgtecccagtt

gggtCCthg

acgggtcggg

tggtggcgca

gggtcaccga

tgctgatget

ggcgegteca

agcggaggac

anthggCg

tgcggeggeyg

agatcgagaa

getggegete

cgactcgatg

gggcgtcccg

cgceccgeaac

ggaggggtac

gaaccggagg

cteggegecyg

gatccactce

ceceggecgeyg

caccgagaag

ceggetggec

cgagatcagg

gategeggece

cgggcegtaac

gctggccgag

acccegttet

ggcgggatge

caccgegtge

gtcaccgtee

ttcgggctgg

ngCthggC

ttctacgget

agceggttec

aagtgggcegg

gecegeacey

tacctggeca

cggegetteg

dagaagggcyg

tgceggttec

gacaggggcyg

gegtcacete gtggecggece

ggctgteceeg cgagetggece

ceggectgee cegggtgegy

cgetgeceeyg getgeggteg

tcgecgeget ggecgegtge

tgcacgcega cggccagete

gegtgeccta ctgegtgacg

ggatcgacca gctccagcac

cctecggegt gtegaccecty

tgggcgcgga ggacgtcgac

gagcagaggg gcgegtgetg

getacgtegyg cegegtegeg

cgctgtecga ceggaaggeyg

tgcgcgacga ggtcegecgec

cccatcacga catcceggeg

acgaggagct gggcgggagce

acgcegtggg tgggetgegg

ceggegacgt cacggegete

accgcgacca ggtggeggece

cegegegteg ggtgategec

ctcaggaata g

tcctetacce cgagtaccag

acctgetggt gegggegete

tcaccatgge cccgeccegge

acgcgegacg ccteceggty

teggggegtg ggccaagggy

gggagatcte cctggtgcac

ggctcatege gegggegetg

tgagccagca ccccacgacg

agcggttcac cgtccgcaac

agatgcggga cgcggeggeg

gegacegett cgecgaggge

gectggacac cggccagecce

tggagttectt cgtcgaggec

ththngg ggacggcccyg

tcgecgaceyg gatcacgatce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1251

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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accggtttee tgcegecacga getgateccee teggtgatgg cattgtcecca getegtggte 960
ctgcectece ggtacgagga actgggcatc gtgatccectgg agtgcatgag catgcecgccegg 1020
ccgategteg cgcacgacgt caacggegtg cacaagctca tcegagcatgyg caggaccggg 1080
ctgttggtgce cgccgttega cacgcccgceg atggccgacg ccatcgaggce getgctggac 1140
gacccggage tgcgggageg gatcgecgag accgecgece cgetgecegte cgegaagtac 1200
tegetgacca cggeggegga ccagctcacg gacatctace gggagcetggyg cgtatgegte 1260
tga 1263
<210> SEQ ID NO 19
<211> LENGTH: 471
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 19
atgattagct ggacgaaagc ttttaccaag ccgttaaagg ggagaatttt catgcccaac 60
ttatttgtet acgggactct gegtgaggga gaaaacaacc acaagtatat gaaagaagcce 120
accctgettt cgcgaaaggce cagcatagec ggttecttgyg tagataccgyg caacggttac 180
cceggettac tgctggaaaa tcagetggtg gegggcgagt ggtatgaagt ctceggaagaa 240
acgctgaaac ggatagatga gctggaagag tatttceggte ceggggatac aagaaactta 300
tttgacagaa tcgaatgcca agtaaacgag agcggcggaa cacatctggyg ttggacgtac 360
gtgtacaacc gggacgatta cctggaaaca aggttttccg actggaaaca ataccggcetg 420
cagcatgctt ccggaataga ggagaagcaa gatgtgcecte actcgttatg a 471
<210> SEQ ID NO 20
<211> LENGTH: 909
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 20
atgtgcctca ctcegttatga cgagaaattt ttecgattgca gaaaatcgca gataatcget 60
tatttggact cacaacaggt ccccgtcatt cctctatttt ataacagtta tcaaagcaca 120
gcggaaattt accgccagat ctttatcgaa aataagagca aatggaagta ttcagagect 180
tcttttteeg acgatgattt actaagaaaa ggaattagge ctgtteggge ttettttece 240
gacttcagee aggcttcgga ttgtttaaag gatctgetgg ceccggcataa actegtttte 300
gtatggggygyg acgagtattg tctgecttac cggaaggaag ccttccagge cattcattec 360
actcattcge ttgttgtcac gggctatgac ggtgagaaca aggcatacta cgtggaagat 420
tgggacgggce tctacggata tttgccgget gtacatttgg aageggettt cgacagtcetg 480
tccaggcaga tgaggacatt gttggttetg gaactgaacyg acgaggaaat gcgggaaaac 540
aaacaagagg atacagattt gttccggaag tggctgcaag ccttegagga cgactatate 600
ttctacgace gggtgetgcet ggatatgege gattatgagg aaaaccgget gatctcgatg 660
gatcacggac ttcgtttaat cgccgcatce cggcatgttt tcectccaagtt tcettcattat 720
atagatgacg ccccggagga ggtcggecte cttatccgea accatcaact cgctaaccat 780
atcgeggeca tcegtcaggceg gtacattatce gecaaacaga ttgattggga cggggcaget 840
tgcaagattc ggcaattaag agagcaagag gatgacttta tgcggaagct aaagagccgt 900
tacggctaa 909
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<210> SEQ ID NO 21
<211> LENGTH: 264
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 21
atgtctttag aaactcagga aaatgttcgg accgctcaaa ttgtatcttyg cgtgaatgaa 60
attctgcaga cgaaggaatt cattaccccg gaaaccgatt tgtttctget tggettggac 120
tcggtaacceg ccegttaatct gatcgtcagt ttggaaagec atttegggat cacgtttaac 180
gacgacgaac tgatcgtgga aaatttttcg acggtgcgga aaattacgga acatgtgacg 240
gtcaaacttg aggaagccct atga 264
<210> SEQ ID NO 22
<211> LENGTH: 1259
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 22
atgaagttca ctcatccget ggattattat cgtctgaacyg gcaaacaaat cctgtggtac 60
atgaatatcg gcgaagatca ggacagccag gegtcgaatt actttcccte cgtcaaggac 120
cctcaatceg agaagattgt cgtgcagcag gagcaacage ttcetetttet ggcgaggecyg 180
caggacacgg tattttttca tacgatgccg gagcaagect ttctecgatta ttggaaagag 240
cgecgectet ccttgecgte gataatttgt tgcgacaaac tttegcaagt gcectgatcett 300
gagcgttata cgattatcce gtttattgtt tcggatcaac tgcttgaget gaageggegyg 360
tatcecgcata tggatatcat tgcgccggat ttggeggtet gecgggaaat caatcataag 420
ttcaatacga gaagacttat ggagaggaac gggtttaacyg tcacaacggyg ttatttctge 480
agcgatatcg agagcttgga gcatgectac gaacagctca tttecgeegyg cttttcecaaa 540
tgegtgttga aagttccata cggctegtceg ggtaaaggte tcaaagtcat cgacaacgaa 600
cggaatttee gttttttgcet gaattatatt caaaaccgec agacaaacgt cgacctgcte 660
ctggaaggct ggcatcccca ccgtctcage ctgacgtete agettttceat taccgaatat 720
gaagtccate ttectggccegt caccgagcaa atcatagacce cgaacggtgt ctataaagga 780
acgaatttta cgcctgectt atcgcaatcg gaagcggecyg attatcgtga agaaatctta 840
cgggcaggag aactgatacg gcagatgggg tataggggeyg tgcttgggat cgattcgate 900
ctcgatacga acggagaact gattceggtt atcgagatta acgccagget cactcaggte 960
acctatattc ttccecgttggt tatcgaacag aaaaagcgtt atgagtttgt cgaaagcagg 1020
gtgctggtgt ttaattccag agcggatctg gattttgaag attacgaaaa cgatctcectceg 1080
gaagtgaccc gcgatttace ggtccgaatc gatctttaca atttctgcaa ggcttcggga 1140
gcctttaaaa acacctataa gctetttgtg ttagtttctg cccacaattc cgaacagcetg 1200
ataaaagccce gaagcctgcet tgacgagctg aacacgaaaa tgacaacggce tgttcatta 1259
<210> SEQ ID NO 23
<211> LENGTH: 1287
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 23
atgaacctgg atcaagctga aatcacggec ttaacgaaaa ggtttgagac tcctttttat 60
ttgtatgacg gcgattttat cgaagcgcat taccggcaat taagaagccyg gacgaacccyg 120
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gcgatccagt tttatttgte cctaaaagca aataacaata ttcatctggce caaattgtte 180
cggcagtggg gacttggegt cgaggttgca tecgecggag aactcgettt ageccggcat 240
geeggatttt cagccgaaaa catcatttte tegggaccgg ggaagaagceg gagcgagetce 300
gagattgceyg ttcaaagcgg gatttactge atcatcgegg aatccgttga agaactcttt 360
tacatagaag aactggctga aaaagaaaac aaaacggccce gcegtegcegat ccggatcaat 420
ccegataaaa gctteggcag cacggcecatce aaaatgggeg gagtaccgag acagttcgga 480
atggacgaat ccatgctgga tgccgtaatg gatgccegtece getctcettca attcaccaaa 540
tttatcggga tacacgtata taccggaacc cagaatctga ataccgacag cattatcgag 600
tcgatgaaat acaccgtaga tctaggcaga aacatttatg aacgatacgg aatcgtcetgt 660
gaatgtatta atcttggcgg agggttcgga gtcccegtatt tttcacacga aaaggcactg 720
gatatcggca aaatcacgcg tacggtcage gattacgttce aagaggcgag ggatacacgg 780
tteccegcaaa cgacctttat tatcgaaage ggaagatact tattggctca agceggecgtg 840
tatgtaaccg aggtgcttta ccggaaageg tccaaaggag aagtttttgt gatcgtagac 900
gggggaatge accaccatgce ggcctccact ttcceggggaa gaagtatgeg gagcaactac 960
cccatggaat atattccegt tagggaagac tccggccegtce gcgaactcga aaaagtcacce 1020
attgccggte ctctectgtac geccgaagat tgtctaggga aggatgtcca tgtgcecggcece 1080
ttgtatccgg gecgacctegt atgtgtgttg aactcgggag cttacggact gagctttagce 1140
ccggttecatt ttctggggca cccgacgcce attgaaattc tcaaacggaa cggttcatac 1200
gagctgatca gacggaaagg aacggcggat gatatagtcg ccacccaget gcagacagaa 1260
tcaaatctce tectttgtgga caaatag 1287
<210> SEQ ID NO 24
<211> LENGTH: 1026
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 24
atgattgcat tggatacgat tcagtattat ggccaaattc caggcgtcaa ccattataac 60
ggcaagaaag aatttatgga aaacgccgtt aaaatcgege agetgtcecga tgcettacgge 120
atagtcgggt ccctgtegtt ttttaaccat tcegtattgg acccttggge cgtaagetceg 180
gttattatge ggcatacgga acgtcatgtt cctctaattg cgcttcagec ctacatgtat 240
ccteectata cggetgecaa gttaattcag agettcactt atttgtacga ccggeggate 300
gacttgaata tgatcaccgg ggccgttace ggcgagetce agcaaaccgg gggctatatce 360
gatcattegt ccecgctacaa gaaacttcac gaatatgtte aggtgctceeg tetgetgett 420
gaatccgatt ctgeecgttte gttcaaaggg gactattatg agctgaataa tttggagttce 480
aagcetttge tgccggacaa acggcetttte cegegcatat ttatgtceegyg ttettcecgag 540
gaagggcttyg aaacgggttt gaaagcggceg gatttegteg ttactcatcce gggaccgetg 600
gaacatttta aacgccattt tagcgaaaag gtgcagggat cggctgttca aagtgccata 660
agaatcgaga ttatcgccag agaatcggeg gagcaagcat ggaagatcge tcatgeccgt 720
tatccecggca accggcaggg gaagatccag ctecggatga aaacaaattc ggaatcaage 780
tggcagcgga tgctggccga actggettta gegagtgaaa cgtacgatga agtcttetgg 840
atgggcgggt acatgaacgg cggaatttac agtccegtgt tagtcgggga ttacgagcaa 900
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gtggcegett atttgaatga gtattacaaa ctcggegtga aagccgtgtt getgggttec 960
atgtacagcg aggaggattt tattcatttc agccgggtga aggaaggaat ttcgaatccg 1020
gtctag 1026
<210> SEQ ID NO 25
<211> LENGTH: 576
<212> TYPE: DNA
<213> ORGANISM: Bacillus circulans
<400> SEQUENCE: 25
gtggctcate cgaatttgca gcagtccegt gtcaacaaac gttgggtgga ggaattgaaa 60
aaacatcccg gcgaggttac cgtgcatgaa ctgtacggeg cgtatccgga gaaggtattg 120
gatatcggge gggagcaggce tttgctggeg gaatgtgaac gtetegtget geagttteeg 180
cttcaatggt acagcacacc gecgettetg aagcagtgge tegatgaagt gttcacaacg 240
gggtggetgt tceggtceggg cggtaaagee gtagcecggaa aagaactcect gatcgeegtt 300
tctategggy gagceggegga gacttacgag gegggeggece tgatcgggta cacgatcagt 360
gaattgacce gccctctgea agetttegee aatcagatceg gecatgacgat gettecgeac 420
tttaaatttc acggtgcgaa tcaggeggeg gacgaactga tegagagecag cgceggagega 480
tacgtcagge atatcttgac tcccgagett gatcccegga ttgeceggeg gagaatgett 540
aatgacatga aacagaagat gcaggcctcce ctgtaa 576
<210> SEQ ID NO 26
<211> LENGTH: 1266
<212> TYPE: DNA
<213> ORGANISM: Streptomyces fradiae
<400> SEQUENCE: 26
gtgegtgtge tgeggctcac ccccttette caccacgact gegtcaccge ctggecegeg 60
gagttcgacyg ccgteggggg catgcaggtyg cagatcctee gectetegeg ggaactggec 120
gaccgeggeyg tggagcaget cgtcatgacce gtegggttee ceggectgeco cagggagege 180
gtcgaccegge ccggecteeg ggtecgggte accegggege cgetgecceyg getgegetec 240
gaactgaccg gcctegtggg getcaaccag gegtggeteg cegeggtget gacggectgt 300
gegecgetge gecgecacctg gaggceccgac ctggtgcacg tcecacgegga cggecagetc 360
tgggcgetge tegeegggece getegteteg cgtetggteg gegegecgta ctgectcace 420
ctgcactget cgeggetgge ctegtacgag ccgatgteee gettcgaceg getccageac 480
cggetggtgyg cggeggecga geggtacgeg ctgeggeggg cgegeegggt gtegacgetg 540
acctcgegea ccgeggacac ggtggegegg ctgetgecge tegaceggge cctggtggac 600
gtgctgeceyg actceggtegg cgacgtgegyg ceggtggege ggccggagge cgaggagtac 660
gtgecggtege tcggegtgec cgeccgggegg ccggtggtgg getgggtegg ccgggtegeg 720
cacgagaagg ggtggcggga cttegtegeg atggeggage ggtgggacge cgggteggge 780
geeceggggg cggtgttege cgtggtggge gacgggecge agegggageg gatgcgggag 840
geggtegagg cggcegggget cgeggaccegyg ttegtgttea ceggtttect gecccatgac 900
geegtgeegt cegtgatgac ggcegetggac gtectegtea tgecgteege ccacgaggag 960
ctgggeggea gegegetgga ggccatggtyg tgeggeacge cegtegeggg ctacgeggte 1020
ggegggetge gegacacggt cggeteggte acgcccteee tgetegtece geggggegac 1080
gtggcggege tgacccgege cgceggegac geggtcacgg acgccgaacyg gcaccgceaag 1140
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acggtegegyg cggeegttee cgacctgetyg ggecggtacg gegeggacac cgtcegagegg 1200
gegetggage actaccgget ggeegtegge cgggegteeg gagggggtge cgggtgggeg 1260

ccgtga 1266

<210> SEQ ID NO 27

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanA-kanB

<400> SEQUENCE: 27

cceggateceg aatcecccectt cgtgacy 27

<210> SEQ ID NO 28

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanA-kanB

<400> SEQUENCE: 28

gtgactagtg ttcgtcgacce accgcgtcega 30

<210> SEQ ID NO 29

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kank

<400> SEQUENCE: 29

gcttctagaa ctccggagca cccgtgea 28

<210> SEQ ID NO 30

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kank

<400> SEQUENCE: 30

gtgaagcttc gtggtgccgg acaggccecta 30

<210> SEQ ID NO 31

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanC

<400> SEQUENCE: 31

gggacctcta gaacgcggtyg gtcgacgaac 30

<210> SEQ ID NO 32

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanC

<400> SEQUENCE: 32

tcttecaage ttactagttg teggeggteg ccecga 36



US 9,133,492 B2
55 56

-continued

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanD

<400> SEQUENCE: 33

gaccgctceta gacacctceccg aggtectete 30

<210> SEQ ID NO 34

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanD

<400> SEQUENCE: 34

tgaaaagctt actagtgggt gacgagacge cggg 34

<210> SEQ ID NO 35

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanE

<400> SEQUENCE: 35

acatctagag gctcecggaag accgecgacg cca 33

<210> SEQ ID NO 36

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanE

<400> SEQUENCE: 36

tcgaagectta ctagtgagac gaggaggace ctt 33

<210> SEQ ID NO 37

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanF

<400> SEQUENCE: 37

cgaggcteta gagccggace agaacccatt 30

<210> SEQ ID NO 38

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanF

<400> SEQUENCE: 38

tagaacaagc ttactagtac gtcgggtgte gtacgg 36

<210> SEQ ID NO 39

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kanI-kacL
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<400> SEQUENCE: 39

gatcgctceta gacacctggt tctggttecce 30

<210> SEQ ID NO 40

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kanI-kacL

<400> SEQUENCE: 40

aggggaaagce ttactagtgt caggagatge cgaccg 36

<210> SEQ ID NO 41

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for kaca

<400> SEQUENCE: 41

ggcgtctaga taccgggaga tcgggctgtg 30

<210> SEQ ID NO 42

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for kaca

<400> SEQUENCE: 42

acaaagctta ctagttgctc atagcgactc cttgt 35

<210> SEQ ID NO 43

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for nemD

<400> SEQUENCE: 43

cactctagac atcgccgtece tetceceegt 29

<210> SEQ ID NO 44

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for nemD

<400> SEQUENCE: 44

tcaaagctta ctagtggcge agatacggeg cac 33
<210> SEQ ID NO 45

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for tobMl

<400> SEQUENCE: 45

ccgtctagac cgccectttece cecgcaac 27

<210> SEQ ID NO 46
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<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for tobMl

<400> SEQUENCE: 46

gataagctta ctagtcacac cgtcctatte ctg

<210> SEQ ID NO 47

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for tobM2

<400> SEQUENCE: 47

cgatctagac cgggaggega ccgtgt

<210> SEQ ID NO 48

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for tobM2

<400> SEQUENCE: 48

gcgaagctta ctagttcaga cgcatacgece cag

<210> SEQ ID NO 49

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for gtmG

<400> SEQUENCE: 49

tgtcctctag agetgecegg tcactteceg ¢

<210> SEQ ID NO 50

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for gtmG

<400> SEQUENCE: 50

aaaaagctta ctagtcacte tteccggaaga atc

<210> SEQ ID NO 51

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for btrG-btrH

<400> SEQUENCE: 51

ttctctagat ctaggaaacc gcatgec

<210> SEQ ID NO 52

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for btrG-btrH

<400> SEQUENCE: 52

33

26

33

31

33

27
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ggctacgtaa aactagtggt ttatccgectt ttgct 35

<210> SEQ ID NO 53

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for btrI-btrJ

<400> SEQUENCE: 53

acctctagac ggaaaccgcc atcccat 27

<210> SEQ ID NO 54

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for btrI-btrJ

<400> SEQUENCE: 54

tcctacgtaa aactagtgag ttaatgaaca gecegt 35

<210> SEQ ID NO 55

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for btrK-btrO

<400> SEQUENCE: 55

agctctagaa agcccgaagce ctgcttg 27

<210> SEQ ID NO 56

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for btrK-btrO

<400> SEQUENCE: 56

gtttacgtaa aactagttcc ctagaccgga ttcga 35

<210> SEQ ID NO 57

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for btrV

<400> SEQUENCE: 57

tattctagaa ttgacttata actcaat 27

<210> SEQ ID NO 58

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: reverse primer for btrV

<400> SEQUENCE: 58
cattacgtaa aactagtatc cgaacgtcac ataag 35
<210> SEQ ID NO 59

<211> LENGTH: 27
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: forward primer for aprD3

<400> SEQUENCE: 59

ggttctagat gatggacgtg gccgcga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 60

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: reverse primer for aprD3

<400> SEQUENCE: 60

cttaagctta ctagtgggee gteggtegte ctg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 61

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: forward primer for aprD4

<400> SEQUENCE: 61

ggctctagaa accccaccct caccatccag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 62

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: reverse primer for aprD4

<400> SEQUENCE: 62

cgcaagctta ctagtategt gtggtcteeg get

27

33

30

33

The invention claimed is:
1. An isolated compound of formula 1 or a pharmaceuti-
cally acceptable salt thereof:

40

[formula 1]

45

OH

50

NH,.

HO

55

2. A pharmaceutical composition comprising the isolated
compound of formula 1 or a pharmaceutically acceptable salt
thereof, according to claim 1, and a pharmaceutically accept-
able excipient.

3. A method of treating a bacterial infection or a viral
infection in a patient comprising administrating to the patient
a composition comprising the isolated compound of formula
1 or a pharmaceutically acceptable salt thereof, according to
claim 1.

4. The method of claim 3, wherein the bacterial infection is
a Gram-negative bacterial infection.

5. The method of claim 3, wherein the bacterial infection is
a Pseudomonas aeruginosa infection or an Escherichia coli
infection.

6. The method of claim 5, wherein the P. aeruginosa is
amikacin-resistant P, aeruginosa.
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